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(54) APPARATUS FOR DIELESS FORMING PLATE MATERIALS 

(57) The invention relates to an apparatus for the 
dieless forming of a sheet. 

The apparatus comprises a pressing mechanism 
and a sheet holding mechanism which are moved with 
respect to each other in X, Y and Z-axis directions and 
has a fixed ceiling plate form having a plane shape 
matching the bottom profile of a product to be formed; a 
framelike support plate surrounding the ceiling plate 
form is raised and lowered by at least one pair of rais- 
ing/lowering actuators, and restraining actuators apply 
a controllable restraining force to the sheet by way of a 
framelike restraining plate clamping the periphery of the 
sheet in the sheet thickness direction between itself and 
the support plate. A mechanism for causing the support 
plate to undergo balanced movement and a material 
flow control mechanism may be preferably further pro- 
vided. 
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[0001] This invention relates to an improvement to an 
Sm a^ haVi " 9 3 re,ative ^ ,a '9 e b * 

BACKGROUND OF THE INVENTION 



10 

Sf2,^° rthep,as,ic ^"9 of airplane and automo- 
bile parts marine products such as boats, building 

TZTt' K k,tChen ,itmentS ' and bathraom 'itments S 
as bath tubs, press-working using metal dies has been is 
generaHy used. However, with methods using metal 
dies and presses, the plant is large and a large fnsTata 

colT 6 J req T ed - and p,ant COSts and 

costs are exfremely high. Also, the forming of complex 
shapes is difficult and requires high-level processTech » 
nology and finishing ski... Furthermore, because press 
operation produces noise and vibration it has an 
adverse affect on the environment, and safety meas" 
ures have also been problematic 

[0003] One known alternative is the spinning method 2 s 
but because th,s method involves molding a sheet by 
pressing it onto a rotating mold it has had the faS short 
coming ttat ,t ■ only possible to form moldings whose 

ssm* a circu,ar cy,indricai 0r 

[0004] m this connection, in Japanese Unexamined so 
Patent Publication No. 7-1 32329, one of the^™e* 

ZE£ w 38 Pr0P ° Sed 3 Pr09ressive sheet-formfng 

I mSnh'f K PPar8tUS - ,n thiS Pri0r art " a P^ss 
mg member having a spherical end part is brouoht into 

contact with the underside of a sheet; a moTg 9 ^ ss 

mg member having a spherical pressing part is broSht 

•mo contact with the other side (the upper si) X 

sheet; and. with the periphery of the sTeet held w ,h a 

hxed holding force by a screw-type holding too? The 

SS". k correspondence with the cross- 

hold ™ S T? P8 °' 3 PrOdU0t t0 be ,ormed while the 
holding tool ,s moved in the thickness direction of the 
sheet by a spring-type cushion. 

[0005] However, with this prior art. although the form- « 
mg of simple diverging shapes such as conical shapes 
and pyramid shapes is possible, the forming of shapls 
wherein a bottom and a side wall part (trunk part) join a! 
a sharp corner is not possible, and in particular when 
he dimensions of a product are large, becaus^he so 
mmelike holding too. supporting the sheet tends to 
incline and drop, there have been problems of forming 
becoming impossible or the accuracy of the formed 
Sf;^' Consequently the forming of prod- 
ucte. typrfied by bath tubs and sinks, which have a large ss 
bottom area, of which furthermore the bottom profSe 
shape may be irregular, and which have a high side wan 
part cont.nu.ng from a bottom part, or which have a step 



afar, intermediate level in a side wall, Ips been impos- 

S A,S0 - because th 's P""or art is simple stretch- 
forming earned out with the periphery of the sheet 
damped, when the forming of a side^Lhichl LfeS 
cal or at a near-vertical angle a is carried out. a blank of 
a length l 0 , n the horizontal state extends to a lerSh if 
and along with this the sheet thickness decreases from 

ness of LmJ S ° th3t for examp,e a sheet thick- 
ness of 2mm decreases to 0.17mm, and thus the Der- 

centage sheet thickness decrease *Z 

C^aquemiy there has been the problem that, depend 

mg on the material of the sheet and the sheet thickness 

cracks may form in the side wall and local SSSSi 

SSTEn? formin9 iS a ' m0St impOSSib,e and 
sJengJh 9 * ' S 3 marked fa " 

L J her6 K haS a,S ° bee " the prob,em ^t when a 
ha^d sheet such as a stainless steel sheet is formed by 
*• prior art method if is difficult to control spring-back 

te^T^ ^ Sh3Pe aCCUrac y have consent."' 
tended to be poor. And it has been a further pLlem 
that in cases where the product has not a simple £ 
flange but a bent-back flange it is not possible to car" 
out forming of this flange part. » carry 

DISCLOSURE OF THE INVENTION 



[0008] It is therefore a first object of the invention to 
provKfe a dieless forming apparatus of a relatively S i m 

hth^r uct T with which ,i is possib,e to form r. 

high accuracy from a metal or nonmetal sheet a large 

ptex profile and a large area and having a side wall oart 
mnSi' S : ertiCa ' ° r * 3 vertical angle. 
[0009] it IS a second object of the invention to provide 

sheS?^ 9 ***** With *** *• w hol of a 
sheet is moved correctly in a balanced manner and 
tterefore it is possible to form to a high shape accuracy 
alarge product having a complex shape and a 52 

WHO] it is a third object of the invention to provide a 
d.eless forming apparatus with which it is possfote to 
carry out forming with good formability and S by 
freely managing changes in sheet thickness and ft is 
or nf fo : exarnp,e to fo ™ a product having a verfe,! 
or near-vertical side wall with good accuracy by sup 
pressing reductions in sheet thickness or converse^ 
form a product whose angles to the horizontal are smaft 
wrth good accuracy by suppressing creasing deforma 
tion of the sheet material. "«°rma 
[001 1] Anc it is furthef Qb ^ Qf 

We ea^f w form ' n9 W * h which * 

b^fon.^ 9 Pr0dUCt haVi " 9 3 f,an9e ^ 

UminL .* * u 6SS formin9 a PParatus provided by the 
invention to achieve the above-mentioned first objecHs 
an apparatus for progressively forming a sheet Into a 
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three-dimensional shape, and comprises a tool set hav- 
ing a base plate, a fixed pressing assembly, a sheet 
holding mechanism and a sheet restraining mechanism; 
a pressing mechanism cooperating with the tool set; 
and a plurality of numerically controlled drive devices for * 
moving the tool set and the pressing mechanism with 
respect to each other in X-axis, Y-axis and Z-axis direc- 
tions. 

[0013] The fixed pressing assembly has a stand 
erected on the base plate and a ceiling plate form hav- 
ing a plane shape matching the bottom profile of a prod- 
uct to be formed and interchangeably attached to the 
top of the stand, and the sheet holding mechanism has 
a plurality of support pillars mounted on the base plate, 
a support plate having a window hole surrounding the 
ceiling plate form and movable in the Z-axis direction on 
the support pillars, and at least a pair of raising/lowering 
actuators fixed to the base plate and having output end 
parts connected to the support plate. 
[0014] The sheet restraining mechanism has a frame- 
like restraining plate for clamping the periphery of the 
sheet in the sheet thickness direction between itself and 
the support plate and restraining actuators for applying 
a controlled restraining force to the periphery of the 
sheet by way of the restraining plate. 
[001 5] The pressing mechanism has at a distal end 
thereof a pressing tool part for making contact with the 
upper side of the sheet and forming a product shape in 
cooperation with the ceiling plate form. 
[001 6] The numerically controlled drive devices are 
program-controlled to press the pressing tool part 
against the sheet and move it in this state around the 
ceiling plate form along a path matching the product 
shape and also to move the pressing mechanism and 
the support plate in the plate thickness direction with 
respect to the ceiling plate form. 
[001 7] With this construction, by means of the cooper- 
ative action of the ceiling plate form having a plane 
shape matching the bottom profile of the product to be 
formed and the restraining actuators, it is possible to 
form easily from a sheet a product having a bottom 
which has a large area of for example about 6m 2 and 
also has a complex profile other than a simple polygonal 
or circular shape, a sharp corner, and a high side wall 
part continuing at a steep angle from this corner. 
[001 8] Also, because by means of the raising/lowering 
actuators it is possible to forcibly move the support plate 
in a forming direction (downward) or an opposite direc- 
tion (sideward) during progressive forming, sheets of 
various properties and thicknesses can be formed in an 
optimal state and can be formed with good accuracy 
without cracking or deformation of the side wall part 
occurring. 

[0019] In an apparatus provided by the invention to 
achieve the above-mentioned second object, in addition 
to the construction described above, the sheet holding 
mechanism is provided with a balanced movement 
mechanism for causing the support plate to maintain 



horizontality and undergo parallel displacement 
together with the support pillars. This balanced move- 
ment mechanism may preferably be made up of racks 
provided on the support pillars, pinions mounted on the 
j base plate in the proximities of the support pillars and 
meshing with the racks of the support pillars, and rota- 
tion-synchronizing shafts linking together shafts of 
these pinions. 

[0020] With this construction, the raising/lowering 
w actuators function as balance cylinders canceling out 
the weight of the support plate, the sheet and the sheet 
restraining mechanism; an excessive weight does not 
act on any of the support pillars supporting the support 
plate; and because the pinions meshing with the racks 
is of the support pillars always rotate by the same amount 
due to the twisting rigidity of the rotation-synchronizing 
shafts, all of the support pillars always ascend and 
descend by equal amounts. Therefore, the support 
plate can be made to undergo parallel displacement 
20 smoothly with respect to the base plate. As a result, it is 
possible to form with high accuracy a large three-dimen- 
sional product for example having dimensions, including 
a flange, of 6000x2000x600mm (600mm being the 
height) and a bottom area of 6.6m 2 . 
25 [0021] And because the raising/lowering actuators 
can forcibly pull the support plate and hence the sheet 
in the forming direction (downward) or push it in the 
opposite direction (upward), it is possible to increase 
forming limits and widen the range of shapes of which 
30 forming is possible. In particular, when hydraulic cylin- 
ders are used as the raising/lowering actuators and 
hydraulic pressure supply control is carried out by 
means of a hydraulic servo valve, it is possible to freely 
adjust a puiling-down or pushing-up pressure on the 
35 support plate (pressure control) and carry out exact 
control of the height position, including position holding, 
of the support plate (position control). Therefore, higher 
side walls can be formed and it is possible to form an 
accurate product whether the sheet is thick or thin. 
40 [0022] In the invention, the balanced movement 
mechanism includes mechanisms wherein, in addition 
to racks provided on the support pillars and pinions 
mounted on the base plate in the proximities of the sup- 
port pillars and meshing with the racks of the respective 
45 support pillars and rotation-synchronizing shafts linking 
together shafts of these pinions, the rotation -synchro- 
nizing shafts themselves have a rotary drive device. 
[0023] When this construction is employed, because 
the raising/lowering actuators function as balance cylin- 
50 ders canceling out the weight of the support plate, the 
sheet and the sheet restraining mechanism, the support 
plate can be made to undergo parallel displacement 
without an excessive load being applied to any of the 
support pillars supporting the support plate. Further- 
55 more, by using a numerically controlled motor, for exam- 
ple an a.c. servo motor, as the rotary drive device, it is 
possible to adjust the height position of the support 
plate freely and with good precision by means of torque 



sible to form an accurate JuSl^S 2^ 
thick or thin, by operating the rota^ dnV dLS e 1'h 
thereby deiiberately lowering the support Ite bSrf^ 
during progressive forming, it is dossSJ fS ,*T L 
profiie of the ceiiing p, ate 9 'fclm KT&'ESE 

holding mechanism is additionally %£%£l 

restraining force to , he sheet pe^phery by vToTS 
restra.n.ng plate, during w 4 * J**J of the 

ble by means of operation of the shun™ ~2 . P 
actively suppiy a peripherally ^ Mo an 

ET f ° rmin9 iS b6ins «* bTthe p^ssino 

tool part. Thus it is possible to reduce excessivJ SS? 
tion of the material and the dearee n?^! 9 
decreasing of the sheet thickness Z . iT^ 601 
sible to manufacture a iwStafiiElT ^ 
part thereofaside wall Ich S S or a?a nival 6 

t?r e °p^^ 

possible to control push-in po^E^S^" 
to the forming area taking into account the th5™« 

sets t 3 ^ -«^-^sr 

o^dunng forming by operation^ thetT ^ 

2* to serial becoming suipX^'d 

JfS f ' n w he inVen,i ° a because the filing plate form 
of the fixed pressing assembly has a D tZ T L 

matching the bottomprofile of Sp^uctSbe foSSf 

using this ceiling plate form it is possible ,o makVa 

uct having any kind of bottom shape. And because 

ce-hng plate form is attached to the fop JS^E 
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axis directions by drive devices, and the pressing mech- 
anism is mounted on a slider mounted on a gate- 
shaped frame above the bed and moved in a Z-axis 
direction by another drive device. 
[0035] This configuration has the merits that the con- 
struction is relatively simple and because the weight of 
the lower part is large the stability of the construction is 
good, and the configuration is suitable for the forming of 
sheets of up to about 1300x1800mm in size. 
[0036] In a second preferred embodiment, a single- 
stage table supports the tool set on a bed, this table is 
moved by a drive device in one direction, an X-axis or Y- 
axis direction, and the pressing mechanism is mounted 
by way of a slider on a table mounted on a gate-shaped 
frame above the bed and moved by drive devices in two 
directions, an Y-axis or X-axis direction and a Z-axis 
direction. This configuration has the merit that the 
height of the apparatus can be made low. 
[0037] In a third preferred embodiment, a gantry frame 
is provided above a bed, a table movable by a drive 
device in an X-axis direction is mounted on the gantry 
frame, a second table movable by a drive device in a Y- 
axis direction is mounted on the first table, a slider mov- 
able by a drive device in a Z-axis direction is mounted 
on this second table, the pressing mechanism is 
mounted on the slider, and the tool set is installed on the 
bed. 

[0038] With this configuration, because the pressing 
mechanism moves in X-axis, Y-axis and Z-axis direc- 
tions and the tool set is stationary, there is the merit that 
large inertia forces and stopping shocks caused by the 
heavy tool set being moved at high speeds are elimi- 
nated, stopping accuracy improves and high-speed 
movement is possible without shocks occurring. 
[0039] In a fourth preferred embodiment, a gantry 
frame is provided above a bed, a table movable by a 
drive device in an X-axis direction is mounted on the 
gantry frame, a second table movable by a drive device 
in a Y-axis direction is mounted on the first table, the 
pressing mechanism is mounted on the second table, a 
third table movable by a drive device in a Z-axis direc- 
tion is provided on the bed, and the tool set is mounted 
on this third table. 

[0040] With this configuration, the pressing mecha- 
nism moves in the X-axis and Y-axis directions and the 
tool set is only moved in the Z-axis direction. Because 
during progressive forming the height position of the 
tool set is f ixed while the pressing tool part of the press- 
ing mechanism is moving at a constant height, with this 
configuration there is the merit that large inertia forces 
and stopping shocks caused by the heavy tool set being 
moved at high speeds in the X-axis and Y-axis direc- 
tions are eliminated, stopping accuracy improves and 
high-speed movement is possible without shocks occur- 
ring. 

[0041 ] Other features and advantages of the invention 
will become clear from the following detailed description 
of presently preferred embodiments. It should be under- 



stood, however, that the invention is not limited to the 
preferred embodiments given below, and various 
changes and modifications within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a side view of a first preferred embodiment 
of the invention; 

Fig. 2 is a front view of the first preferred embodi- 
ment; 

Fig. 3 is a cross-sectional view of the first preferred 
embodiment; 

Fig. 4 is a perspective view of a second preferred 
embodiment; 

Fig. 5 is a perspective view of a third preferred 
embodiment; 

Fig. 6 is a sectional detail view of the third preferred 
embodiment; 

Fig. 7 is a perspective view of a fourth preferred 
embodiment; 

Fig. 8 is a front view of the fourth preferred embodr 
iment; 

Fig. 9 is a perspective view of a first preferred 
embodiment of a tool set of the invention; 
Fig. 10 is a sectional view of a detail of Fig. 9; 
Fig. 1 1 is a side view of the first preferred embodi- 
ment of the tool set; 

Fig. 12 is a cross-sectional view of the first pre- 
ferred embodiment of the tool set; 
Fig. 13 is a perspective view of a second preferred 
embodiment of the tool set; 
Fig. 14 is a side view of the second preferred 
embodiment of the tool set; 
Fig. 15 is a perspective view of a third preferred 
embodiment of the tool set; 
Fig. 16 is a side view of the third preferred embodi- 
ment of the tool set; 

Fig. 17-A is a side view showing detail of an exam- 
ple of a fixed pressing assembly of the invention; 
Fig. 17-B is a side view showing detail of another 
example of a fixed pressing assembly of the inven- 
tion; 

Fig. 18-A is a side view showing detail of another 
example of a fixed pressing assembly usable in the 
invention; 

Fig. 18-B is a side view showing detail of another 
example of a fixed pressing assembly usable in the 
invention; 

Fig. 19 is a side view of an example of a sheet 
restraining mechanism of the invention; 
Fig. 20 is a sectional view of a first example of a 
forming control mechanism of the invention in use; 
Fig. 21 is a sectional view of a second example of a 
forming control mechanism of the invention in use; 
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Fig. 22-A is a side view of a first example of a press- 
ing mechanism of the invention; 
Fig. 22-B is a side view of a second example of a 
pressing mechanism of the invention- 
F.g. 22-C is a side view of a third 'example of a 
pressing mechanism of the invention- 
Fig. 23-A is a side view of a fourth 'example of a 
pressing mechanism of the invention in use 
Rg. 23-B is an enlarged view of a detail of Fig. 24- 

th^inUmioT^ 0 ^ * 3 C ° nfr01 System °< 

oTS * '! ! fr ° nt Vi6W Showin 9 a state at start 
2i ^ Pr6ferred embodime "t as 

5!^;^^ ^ 

formfngf ' P6rSPeCtiVe Sh ° Wing 8 State d ™9 
Fig. 27-A is a perspective view showing an examole 
of a fixed pressing assembly in the invention 
Rg.27-B is a perspective view showing a product 
made using the same fixed pressing assemEly; 

exlmot J S a f ^ rSpeCtive view lowing another 
example of a fixed pressing assembly in the inven- 

Fig. 28-B is a perspective view of a product made 
using the same fixed pressing assembly 

S'n2i A nf'of P! rspective view showing another 
example of a fixed pressing assembly in the inven- 

Fig. 29-B is a perspective view of a product made 
using the same fixed pressing assembly 

exLlt A J S a f- P * Spective view showing another 
example of a feed pressing assembly in the inven- 

Snn?hf I 5 3 P f SP6Ctive View of a ™<le 
using the same fixed pressing assembly 

o'L 3 !" A , ,S f- perspecBve v, 'ew showing another 
example of a foced pressing assembly in the inven- 

Rg. 31 -B is a sectional view showing a state durina 
forming wrth this fixed pressing assembly 9 
Rg. 31-C is a perspective view of a product made 
us.ng the same fixed pressing assembly 
Rg^32-A is a perspective view of an example of a 
product (a boat-shaped forming) in the invent 
Fig. 32-B ,s a front view of the same product exam- 

Rg-32-C is a P ,an «*" showing a relationship 
b^ween a sheet shape and forming control forces; 
Rg. 32-D is a plan view showing a forming setup; 
product ' S 3 PSrSpeCtive view of an °ther example 
Rg. 33-B is a plan view showing a relationship 
between a sheet shape and forming control forces? 
Rg. 33-C .s a plan v.ew showing a forming setup- 
Fig. 34-A is a sectional view showing a material 
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flow control mechanism of the invention in use- 
Fig. 34-B is a sectional view showing a material 
flow control mechanism of the invention in u™ 
Rg. 35-A is a perspective view showing an examole 
of a flanged product formed using the Invention? 

2" 2S 9 Part ' al Sectional view of the same- 
Rg. 35-C is a perspective view showing an examole 

5££ viewshowin9 a correspond - 

Rg. 35-E is an enlarged view of a detail of Rg. 35- 

75 Tl= 3 ?" A l S 3 pers Pect^e view showing another 
example of an auxiliary support plate for'omZ a 
flanged product; 9a 

Rg. 36-B is a sectional view showing a correspond- 
ing forming setup; H 
Fig. 37-A is a sectional view showino mean* for 

part, and a forming setup using the same- 

Rg. 38-B is a partial plan view of the same. 
DETAILED DESCRIPTION OF THE INVENTION 



now L d~ 5^ embaJime "ts of the invention will 
now be d^cnbed on the basis of the accompany^ 

^ fo,,0win9 first through fourth prefeS 
embodiments are X, Y, Z-axis movement typeSleS 
forming apparatuses. 6SS 

35 222- Fi9 ' 1 ,hrou9h R 9 3 show a first preferred 

KSSE ' die,ess ,ormin9 £SS 

tomf ! 7116 re,erence ""meral 1 denotes a bed (bed 

the bed 1 and movable in a horizontal direction and 
second table mounted on the first table S table 
<n a honzontal direction orthogonal to the dire^on of 
STTJ of the first table 2. These first and Tecond 
45 £25 1 m r6Spect,ve, y ™^ by numerically con- 
's frolled drive devices (drive actuators) 2a. 3a such as 
a.c. servo motors or linear motors 

Ked te'STiJ rr ° n 3 9at6 - Shaped fra ™ 
• w iixea to the bed 1 and is moved by a numerical 

controlled drive device (drive actuator) 4a sucT^n 
K 3 aid ST' 6 5 iS ' tad t0 thS t0p 0f *• s econd 

fixed to the base plate 5 and attached to the top of this 
the h^ 9 Ptete J° rm 6b haVin9 a plane a hape n^tohing 
[0049] A holding mechanism 7 is made up of a plural- 
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ity of support pillars 7a mounted on the base plate 5 
radially outward of the stand 6a of the fixed pressing 
assembly 6, a support plate 7b disposed on the support 
pillars 7a, and at least one pair of raising/lowering actu- 
ators 7c, 7c fixed to the base plate 5 and having output 
parts 72 with upper ends connected to the support plate 
7a. 

[0050] The support plate 7b is means for supporting a 
sheet workpiece W of which forming is to be carried out 
and is shaped like a frame having a window hole 70 
somewhat larger than the external profile dimensions of 
the ceiling plate form 6b. In this example, because the 
support pillars 7a do not move, the support plate 7b has 
cylindrical parts 71 on which it can slide along the sup- 
port pillars 7a. 

[0051] The raising/lowering actuators 7c, 7c are fluid 
pressure cylinders operated by air or oil pressure, and in 
this preferred embodiment the support plate 7b can be 
pushed up to the same level as the ceiling plate form 6b 
or pulled down from this state to a level below that of the 
ceiling plate form 6b by the raising/lowering actuators 
7c, 7c. 

[0052] A sheet restraining mechanism 7d for clamping 
a peripheral portion (flange portion) w of the sheet 
workpiece W between itself and the support plate 7b is 
provided on the support plate 7b. The sheet restraining 
mechanism 7d has a frame-shaped restraining plate 74 
which makes contact with the upper side of the periph- 
eral portion of the sheet workpiece W and a plurality of 
restraining actuators 75 for applying a controlled press- 
ing force to the sheet periphery by way of the restraining 
plate 74. These elements on the base plate 5 constitute 
a tool set. 

[0053] A pressing mechanism 8 functions as a tool for 
carrying out progressive forming in cooperation with the 
ceiling plate form 6b of the fixed pressing assembly 6. In 
this example the pressing mechanism 8 has a shaft part 
8c interchangeably attached to a holder 8a f ixed to the 
slider 4 and is moved in a Z-axis direction (the vertical 
direction) by the slider 4 being moved by the drive 
device 4a. The shaft part 8c has at a lower end thereof 
a curved pressing tool part 80 for making contact with 
the sheet workpiece W and carrying out forming. 
[0054] A progressive forming control unit 14 includes 
a controller for controlling the operations of various driv- 
ing means such as the drive devices 2a, 3a and 4a, the 
raising/lowering actuators 7c, 7c and the restraining 
actuators 7d, 7d. The control system will be further dis- 
cussed later. 

[0055] Fig. 4 shows a second preferred embodiment 
of the invention. In this preferred embodiment, a single 
first table 2 is provided on a bed 1, a base plate 5 is fixed 
to this in the same way as in the first preferred embodi- 
ment, and a tool set of the kind described above is pro- 
vided on this base plate 5. 

[0056] A table 3' is provided on a gate-shaped frame 
100 mounted on the bed 1, and a slider 4 fitted with a 
pressing mechanism 8 is fitted to this table 3*. 



[0057] The direction of movement of the table 3' is a 
direction orthogonal to that of the first table 2, i.e. the Y- 
axis direction if the movement direction of the table 2 is 
the X-axis direction, and the table 3' and the slider 4 are 
5 respectively moved by numerically controlled drive 
devices 3a, 4a such as a.c. servo motors or a linear 
motors. Thus, in this second preferred embodiment, the 
pressing mechanism 8 moves in the X-axis (or Y-axis) 
and Z-axis directions and the base plate 5 and the tool 
10 set thereon move in the Y-axis (or X-axis) direction. 
[0058] The rest of the construction is the same as that 
of the first preferred embodiment. 
[0059] Fig. 5 and Fig. 6 show a third preferred embod- 
iment of the invention. This preferred embodiment is 
15 suitable for the manufacture of large products of the 
kind mentioned earlier of side length for example 
6000mm. In this third preferred embodiment, a gantry 
frame 101 made up of square columns and rectangular 
beams rigidly joined to these columns is provided on a 
20 bed 1, a table 2' movable in an X-axis direction by a 
numerically controlled drive device 2a extends between 
two parallel sides of this gantry frame 101, a sliding 
table 3' movable in a Y-axis direction by a numerically 
controlled drive device 3a is fitted to this table 2\ a slider 
25 4 movable in a Z-axis direction by a numerically control- 
led drive device 4a is attached to the table 3'. and a 
pressing mechanism 8 is mounted on the slider 4. 
[0060] In this example, linear motors are used for the 
drive devices 2a and 3a. In Fig. 6, the reference 
30 numeral 20 denotes guide rails, 21 a magnet plate, 22 a 
coil slider, and 23 a linear scale. 
[0061] In this preferred embodiment, the pressing 
mechanism 8 moves in three directions, the X-axis, the 
Y-axis and the Z-axis directions, and accordingly the 
35 base plate 5 is fixed to the bed 1 or to a bolster disposed 
on the bed 1 . 

[0062] The rest of the construction is the same as that 
of the first preferred embodiment. 
[0063] Fig. 7 and Fig. 8 show a fourth preferred 
40 embodiment of the invention. 

[0064] In this preferred embodiment, a gantry frame 
101 made up of square columns and rectangular beams 
rigidly joined to these columns is provided on a bed 1 , a 
table 2' movable in an X-axis direction by a numerically 
45 controlled drive device 2a extends between two parallel 
sides of this gantry frame 1 01 , a sliding table 3' movable 
in a Y-axis direction by a numerically controlled drive 
device 3a is f itted to this table 2\ and a pressing mech- 
anism 8 is mounted on this table 3'. 
so [0065] A table 4' movable in a Z-axis direction by a 
numerically controlled drive device 4a is mounted on 
the bed 1 , and a base plate 5 and a tool set thereon are 
mounted on the table 4'. 

[0066] In this example linear motors are used for the 
55 drive devices 2a and 3a, an a.c. servo motor and a pin- 
ion driven by this are used for the drive device 4a\ and 
a rack meshing with the pinion is used for the table 4*. Of 
course, a ball and screw arrangement may alternatively 
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be used. 

f 006 ^ ln this Preferred embodiment the pressino 
mechanism 8 moves in two directions, an X-axis direc- 
tion and a Y-axis direction, and the base plate 5 and the 
tool set thereon moves in a 2-axis direction 
[0068] The rest of the construction is the same as that 
of the first preferred embodiment. 
[0069] Fig. 9 through Fig. 16 show tool sets suitable 
for use in the invention, and a characteristic of these is 
that they each have a balanced movement mechanism 
9 for balancing movement of the support plate 7b and 
thus the sheet workpiece. The tool sets of Fig. 9 through 
F«g. 16 are used selectively in the first through fourth 
preferred embodiments described above 
[0070] Fig. 9 through Fig. 12 show a first preferred 
embodiment of a tool set having a balanced movement 
mechanism 9. 

[0071] Gearboxes 9e having built-in pinions 9b of the 
kind shown in Fig. 10 are fixed to the base plate 5 at the 
positions of the support pillars 7a; the support pillars 7a 
have a length such that they can extend through the 
gearboxes 9e into guide holes in the base plate 5 and 
are each provided on one side thereof with a rack 9a for 
meshing with the respective pinion 9b. The upper ends 
of the support pillars 7a are connected to the support 
P ate 7b. and when a pressing force acts on the support 
plate 7b in the Z-axis direction the support pillars 7a 
move up or down with their racks 9a rotating their 
respective pinions 9b. 

[0072] Shafts 90 of the pinions 9b pass through the 
gearboxes 9e. and these shafts 90 are connected by 
rotation-synchronizing shafts 9c disposed on the base 
plate 5. The rotation-synchronizing shafts 9c are con- 
nected in gearboxes 91 by for example bevel gears so 
as to collectively form a rectangular shape, as shown in 
Fig 12. Thus the pinions 9b meshing with the racks 9a 
of Ihe support pillars 7a always rotate in synchrony all 
of the support pillars 7a descend or ascend by equal 
amounts, and the support plate 7b undergoes parallel 
displacement with its horizontality maintained 
[0073] Although ordinary fluid pressure cylinders can 
be used for the raising/lowering actuators 7c, 7c in this 
example magnetic rodless cylinders are used; casings 
thereof are fixed to the base plate 5, and tubes 72 serv- 
ing as outout parts thereof have upper ends fixed to the 
support plate 7b and lower ends extending to below the 
base plate 5. as shown in Fig. 1 1 . When these magnetic 
rodless cylinders are used, there is the advantage that a 
large holding force can be realized with a compact con- 
struction. 

[0074] Fig. 13 and Fig. 14 show a second vereion of a 
tool set having a balanced movement mechanism 9 In 
this version also the construction of the balanced move- 
ment mechanism 9 is the same as that shown in Fig 9 
through Fig. 12; however, numerically controlled 
hydraulic cylinders controlled by hydraulic servo valves 
702 are used as the raising/lowering actuators 7c, 7c 
As a result of these raising/lowering actuators 7c, 7c 
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being used, in addition to the support plate 7b being 
able to ascend and descend in a parallel fashion, it is 
n^f!5 . fof f 6 pU " ing down or Dusnin 9 "P the sup- 
£2£ JZ bS C0ntrOl,ed precisel * and *» "eight 
aSSely W " m *** ^ Mn a ' S ° be Contro, ' ed 

f^, 7 fi u Hg - 15 and Fi9 - 16 show a fi* version of a 
tool set having a balanced movement mechanism 9 In 
^ version, the balanced movement mechanism 9 con- 
stitutes a drive system. That is, a rotary drive device 9d 
is mounted in the proximity of one of the rotation-syn- 

SEESTS? 8 9Cl and an output snaft of *• 

SS , f K 9d ,s connected to this rotation-synchroniz- 
mg shaft 9c by way of a speed-reducer 9f. 
[0076] A numerically controlled actuator such as an 
a.c. servo motor would normally be used as the rotary 
drive dev.ce 9d. although alternatively a hydiaulic cylin 

tZ« a 40 r0tate tne rotation-synchronizing 

shafts 9c using a rack. 

[0077] When this rotary drive device 9d is provided all 
of the pinions 9b are synchronously rotated by the oper- 
atari i of the rotary drive device 9d by way of the rotation- 
synchronizing shafts 9c. and because the support pil- 

^^ Ue ? fl r real, ^ etode ^ or ^nd 
equally by way of their racks 9a. the support plate 7b 
can ascend or descend while maintaining horizontality. 
Also, by means of output pulse control or torque control 
of the rotary drive device 9d it is possible to carry out 
accurate control of a pulling-down or pushing-up force 

£££ ^ PP ? rtplate 70 and P reci ^ control of the height 
position of the support plate 7b. Tne raising/towering 
actuators 7c 7cfunction as balance cylinders ^rJSJ 
the weight of the support plate 7b and the sheet and the 
sheet restraining mechanism 7d thereon can be can- 
celed out Therefore, a large load does not act on the 
support pillars 7a. 

cussed ^ flXed PreSSinQ assemb| y 6 wi » now be dis- 
[0079] Fig. 1 7-A and Fig. 1 7-B show an example of an 
attachment structure of the ceiling plate form 6b of the 
fixed pressing assembly 6 in the invention. In Fig 17-A 
a through hole 61 is provided in the ceiling plate form 6b 
n a position corresponding to a female screw hole 60 in 

lal^h ft 3 bdt 62 S6rvin9 as fixin 9 ™ans » 

th ' S 9nd SCreW6d into *» fema| e ^ew 
hole 60 tofixtte ceiling plate form 6b to the stand 6a. In 

2J J 5038 64 t0 Serve as fixinfl ™*<* is pro- 

2K ° n UnderSide * ** C6i,in9 p,ate form 6b and 
this boss 64 ,s fitted to the top of the stand 6a The 

upper face of the ceiling plate form 6b does not neces- 
SncalT 6 10 ^ ' ' at ' ^ alternative| y be co^x or 
[0080] Particularly when the ceiling plate form 6b has 
a complex shape, a three-dimensional ceiling plate form 

U T Fia 18 " A "* Fis - 18 " B s '° w ^ 

pies of this, wherein a main part or all of a shape to be 

^fJ? d i° f Synthetic resin or metal - each case is 
attached to the stand 6a and thereby fixed to the base 
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plate 5. 

[0081] Fig. 19 shows an example of a sheet restrain- 
ing mechanism 7d, wherein a restraining actuator 75 is 
f ixed to the support plate 7b by a bracket 750. Although 
a rotary restraining actuator 75 may be used, normally a 
hydraulic or pneumatic cylinder is used and a piston rod 
thereof faces the restraining plate 74 and during forming 
abuts with and applies a force to the restraining plate 
74. Pipes connected to a piston side and a rod side of 
the cylinder are connected to a pressurized fluid supply 
(not shown) by a pressure control valve 701. 
[0082] However, the invention is not limited to appara- 
tuses simply having a restraining plate 74 and a plurality 
of restraining actuators 75 for applying a controlled 
restraining force to the periphery of the sheet by way of 
the restraining plate 74, and includes apparatuses hav- 
ing a material flow control mechanism 10 for, during 
forming, weakening the pressing force applied by the 
restraining actuators 75 and in this state actively caus- 
ing the sheet workpiece W to flow into a forming area or, 
reversely, actively pulling the sheet workpiece W from 
the forming area. Such a material flow control mecha- 
nism 10 is particularly useful in forming a side wall 
which is vertical or at a near-vertical angle a or forming 
a side wall having a small angle to the horizontal. 
[0083] Rg. 20 shows an example of a material flow 
control mechanism 10 for actively causing material of a 
sheet workpiece W to flow into a forming area during 
forming. A plurality of shifting actuators 10a are pro- 
vided with a predetermined spacing around the periph- 
ery of the support plate 7b on the outer side of the sheet 
restraining mechanism 7d, and sliding jigs 10b for push- 
ing the periphery w of the sheet workpiece W inward are 
attached to output parts of these shifting actuators 10a. 
The left half of Fig. 20 shows a state preceding the start 
of forming, and the right half shows an state wherein the 
periphery w of the sheet workpiece W has been pushed 
into an area where forming is being carried out by the 
pressing tool part 80. This prevents the sheet thickness 
of the side wall part from decreasing. In this example, 
the jigs 1 0b are made thin sliding plates and move along 
channels provided in the restraining plate 74 or chan- 
nels provided in the support plate 7b. Distal end faces of 
the jigs 10b abut with and push upon the edge face of 
the periphery w. 

[0084] Fig. 22 shows another jig 10b*. This jig has 
upper and lower clamping jaws 105, 105 for clamping 
the periphery w of the sheet workpiece W, and again 
can move along a channel provided in the restraining 
plate 74 or a channel provided in the support plate 7b. 
When this jig 10' is used, the sheet workpiece W can be 
actively made to flow into the forming area or actively 
pulled away from the forming area by means of a single 
type of jig. 

[0085] The shifting actuator 10a may be a hydraulic 
cylinder or may be a motor. In the former case, a piston 
rod is connected to the jig 10b, 1 0b'. In the latter case, a 
screw shaft joined to the output shaft of the motor is 



screwed into a female screw hole in the jig 10b, 10b'. 
Although the hydraulic cylinder or motor may be one of 
on/off -control type, it is a preferably numerically control- 
led one, for example a hydraulic servo cylinder or an a.c. 
5 servo motor; when these are used, the pushing position 
and pushing force can be controlled to match the form- 
ing shape well. 

[0086] Next, the pressing mechanism 8 will be 
described in detail. 
10 [0087] Fig. 22-A through Fig. 22-C show different ver- 
sions of the pressing mechanism 8 used in the inven- 
tion. In Fig. 22-A, the pressing tool part 80 is formed 
integrally with the distal end of the shaft part 8c. Fig. 22- 
B shows a more preferable type, wherein a spherical 
15 concavity is formed in the end of the shaft part 8c and a 
pressing tool part 80 consisting of a hard spherical 
member such as a bearing ball is freely rotatably fitted 
in this concavity. Fig. 22-C shows a still more preferable 
type, wherein the shaft part 8c has a lubricating hole 
20 800 connecting with a spherical concavity and a lubri- 
cant is supplied through this to a pressing tool part 80 
consisting of a spherical member. 
[0088] When as in Fig. 22-B and Fig. 22-C the press- 
ing tool part 80 is made freely rotatable, because its 
25 contact with the sheet material gives rise to rolling .fric- 
tion instead of sliding friction during forming, the pro- 
duction of excessive heat due to friction when a sheet is 
being formed at high speed can be prevented, and also 
there is the merit that it is possible to reduce the occur- 
30 rence of working marks on the product and prevent 
spring-back of the product. 

[0089] Fig. 23-A and Fig. 23-B show another version 
of the pressing mechanism 8 used in the invention, 
wherein a rotating shaft 8e is attached to the holder 8a 
35 and a shaft part 8c fitted with a pressing tool part 80 
selected from the examples shown in Fig. 22-A through 
Fig. 22-C is eccentrically attached to the rotating shaft 
8e. Any suitable rotating mechanism may be used, and 
in this example a drive motor is mounted on the holder 
40 8a and a pulley on the output shaft thereof is connected 
by a belt to a pulley fixed to the rotating shaft 8e. 
[0090] When this version shown in Fig. 23-A is 
employed, in addition to the pressing carried out by the 
: pressing tool part 80, because the shaft part 8c rotates 
45 eccentrically, it beats the forming area W as shown in 
Fig. 23-B, and thereby local plastic deformation is 
obtained and the occurrence of spring-back after form- 
ing is suppressed. Also, lubricity improves and the pro- 
duction of heat due to friction can be reduced. 
so [0091 ] The invention also includes cases wherein the 
pressing mechanism 8 has vibrating means 8d. This is 
realized by attaching to the holder 8a a low-frequency 
vibrating device such as a servo cylinder or an ultra- 
sonic vibrating device, as shown by the dashed line in 
55 Fig. 1. 

[0092] With this construction, because the pressing 
tool part 80 on the end of the pressing mechanism 8 
vibrates as it makes contact with the sheet workpiece 
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W. the forming efficiency improves, and it is possible to 
achieve improvements in shape precision and improve- 
ments in forming speed. 

[0093J Next, the forming control unit 14 will be dis- 
cussed. 

[0094] Fig. 24 shows a control system of the invention 
schematically: the output side of a controller 140 com- 
prising a computer is connected to the above-men- 
tenad I drive devices 2a. 3a, 4a. 4a' by way of amplifiers 
(not shown), and also to the drive parts and valves of at 
least the raising/lowering actuators 7c. 7c. the restrain- 
ing actuators 75. the shifting actuators 10a of the mate- 
rial flow control mechanism, and the rotary drive device 
90 of the balanced movement mechanism 9 

r^L.If ^ 01 d6rived ,rom three-dimensional 
CAD/CAM data D1 of a product to be formed is inputted 
to the controller 140 as a program, and data D2 on the 
material, sheet thickness, and mechanical characteris- 
tics such as elongation and tensile strength of the sheet 
is also inputted; computation is then carried out on this 
data as a whole to automatically control movement 
speeds, positions, pressures, directions and timings 
and so on of the drive devices 2a. 3a. 4a and 4a the 
raising/lowering actuators 7c. 7c. the restraining actua- 
tors 75, the shifting actuators 10a of the material flow 
control mechanism, and the rotary drive device 9d of the 
balanced movement mechanism 9. For example in the 
first preferred embodiment, at least a rate of descent 
and positions of the slider 4. rates of movement and 
movement directions of the first table 2 and the second 
table 3. operating directions and operating speeds and 
positions and strengths of the raising/lowering actuators 
7c. 7c, and operating strengths and changes thereof of 
the restraining actuators 75 are each set, and succes- 
sive commands are issued. The controller 140 has a 
switching circuit, and by this means the various above- 
mentioned means can be controlled independently as 
nscssssry. 

[0096] A dieless forming operation carried out by an 
apparatus according to the invention will now be 
described. 

[0097] Figs. 25-A. 25-B through Figs. 27-A. 27-B show 
states in a forming process carried out by the apparatus 
of the first preferred embodiment. 
[0098] First, a ceiling plate form 6b corresponding to 
the product shape is prepared. For example when a 
product A has a shape of the kind shown in 27-B having 
large-area flat bottom b with a kidney-shaped profile a 
considerably high side wall part (trunk part) c extending 
from this bottom b. and a flange d at the lower end of the 
side wall part (a shape often used for bath tubs and 
sinks), a ceiling plate form 6b having a plane shape 
matching the bottom profile shape of the product as 
shown in Fig. 27-A is prepared, and this ceiling plate 
form 6b is placed on the top of the stand 6a and fixed 
there by fixing means such as a bolt 62. When the prod- 
uct A has a short tube e for a water drain hole or the like 
in the bottom b. a projection 65 of a predetermined 
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radius and height is provided on the ceiling plate form 

[0099] Information including this product shape is 
inputted into the controller 140. control states and con- 
ditions of the various actuator means are computed as 
described above, and a program based on the shape of 
the product is set. K 
[0100] For forming, as shown in Fig. 25-A. the rais- 
ing/lowering actuators 7c. 7c are operated to raised 
positions; the upper face of the support plate 7b is 
aligned with that of the ceiling plate form 6b; and a sheet 
workpiece w, for example a stainless steel sheet fe 
pfaced on the ceiling plate form 6b and the support plate 

I]? 6 UP f 8r face ° f the ceilin 9 P ,ate form 6b abuts 
wrth the underside of the sheet workpiece W. The sepa- 
rate restraining plate 74 is placed on the periphery w of 
the sheet workpiece W, the restraining actuators 75 75 
are operated to apply a force to the restraining plate 74 
in the sheet thickness direction, and the periphery w of 
the sheet workpiece W is thereby clamped 

* he apparatus in state, the forming 
controlunrt14 , s operated. When this is done, in this 

2 f?? d embodimerrt - *• ^ table 2 and the sec- 
ond table 3 are moved by numerical control so that the 
axis of ttie pressing tool part 80 of the pressing mecha- 
nsm 8 faces the edge of the ceiling plate form 6b from 
vertically thereabove. Then, the slider 4 is driven by 
numerical control and the pressing tool part 80 is 
brought into abutment with a portion of the sheet work^ 
p«ce W lying on the edge of the ceiling plate form 6b. 
This is the state shown in Fig. 25-A. 
[0102] From this state the slider 4 is driven by numer- 
ical control to lower the pressing mechanism 8 by a pre- 
determined amount, for example 0.5 to 1mm and the 
first table 2 and the second table 3 are movS Se x 
and Y-axis directions simultaneously to follow the profile 
shape of the bottom b of the product A. that is. the pro- 

™ 1 mQ P ' ate form 6b - ,n this e *ample they are 
moved so as to describe a kidney-shape. The rais- 
ngjowenng actuators 7c. 7c are lowered under a load 
from the pressing mechanism 8, and together with the 
sheet restraining mechanism 7d the support plate 7b 
moves in the thickness direction of the sheet 
[0103] Because the ceiling plate form 6b has an edge 
suitable for corner formation and a required thickness 
and is held at a fixed height by the stand 6a fixed to the 
base plate 5 the pressing tool part 80 of the pressing 
mechanism 8 mounted on the slider 4 presses the sheet 
workpiece W. 

[0104] Fig. 38-B is a partial plan view of the same. 

DETAILED DESCRIPTION OF THE INVENTION 

[0105] Preferred embodiments of the invention will 
now be described on the basis of the accompanying 
drawings. The following first through fourth proferreo 
embodiments are X, Y, Z-axis movement type dieless 
forming apparatuses. 
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[0106] Fig. 1 through Fig. 3 show a first preferred 
embodiment of a dieless forming apparatus according 
to the invention. 

[0107] The reference numeral 1 denotes a bed (bed 
frame) mounted on a plinth; 2 a first table mounted on 5 
the bed 1 and movable in a horizontal direction and 3 a 
second table mounted on the first table 2 and movable 
in a horizontal direction orthogonal to the direction of 
movement of the first table 2. These first and second 
tables 2, 3 are respectively moved by numerically con- 10 
trolled drive devices (drive actuators) 2a, 3a such as 
a.c. servo motors or linear motors. 
[0108] A slider 4 is mounted on a gate-shaped frame 
100 fixed to the bed 1 and is moved by a numerically 
controlled drive device (drive actuator) 4a such as an is 
a.c. servo motor or a linear motor in a direction. 
[01 09] A base plate 5 is f ixed to the top of the second 
table 3, and a fixed pressing assembly 6 is mounted on 
a central part of the base plate 5. 

[01 1 0] The fixed pressing assembly 6 has a stand 6a 20 
fixed to the base plate 5 and attached to the top of this 
a ceiling plate form 6b having a plane shape matching 
the bottom profile of a product to be formed. 
[01 1 1 ] A holding mechanism 7 is made up of a plural- 
ity of support pillars 7a mounted on the base plate 5 25 
radially outward of the stand 6a of the fixed pressing 
assembly 6. a support plate 7b disposed on the support 
pillars 7a, and at least one pair of raising/lowering actu- 
ators 7c, 7c fixed to the base plate 5 and having output 
parts 72 with upper ends connected to the support plate so 
7b. 

[01 12] The support plate 7b is means for supporting a 
sheet workpiece W of which forming is to be carried out 
and is shaped like a frame having a window hole 70 
somewhat larger than the external profile dimensions of 35 
the ceiling plate form 6b. In this example, because the 
support pillars 7a do not move, the support plate 7b has 
cylindrical parts 71 on which it can slide along the sup- 
port pillars 7a. 

[0113] The raising/lowering actuators 7c, 7c are fluid 40 
pressure cylinders operated by air or oil pressure, and in 
this preferred embodiment the support plate 7b can be 
pushed up to the same level as the ceiling plate form 6b 
or pulled down from this state to a level below that of the 
ceiling plate form 6b by the raising/lowering actuators 45 
7c, 7c. 

[01 14] A sheet restraining mechanism 7d for clamping 
a peripheral portion (flange portion) w of the sheet 
workpiece W between itself and the support plate 7b is 
provided on the support plate 7b. The sheet restraining so 
mechanism 7d has a frame-shaped restraining plate 74 
which makes contact with the upper side of the periph- 
eral portion of the sheet workpiece W and a plurality of 
restraining actuators 75 for applying a controlled press- 
ing force to the sheet periphery by way of the restraining 5£ 
plate 74. These elements on the base plate 5 constitute 
a tool set. 

[01 15] A pressing mechanism 8 functions as a tool for 



carrying out progressive forming in cooperation with the 
ceiling plate form 6b.of the f ixed pressing assembly 6, In 
this example the pressing mechanism 8 has a shaft part 
8c interchangeably attached to a holder 8a fixed to the 
slider 4 and is moved in a Z-axis direction (the vertical 
direction) by the slider 4 being moved by the drive 
device 4a. The shaft part 8c has at a lower end thereof 
a curved pressing tool part 80 for making contact with 
the sheet workpiece W and carrying out forming. 
[01 16] A progressive forming control unit 14 includes 
a controller for controlling the operations of various driv- 
ing means such as the drive devices 2a, 3a and 4a, the 
raising/lowering actuators 7c, 7c and the restraining 
actuators 75. The control system will be further dis- 
cussed later. 

[0117] Fig. 4 shows a second preferred embodiment 
of the invention. In this preferred embodiment, a single 
first table 2 is provided on a bed 1 , a base plate 5 is fixed 
to this in the same way as in the first preferred embodi- 
ment, and a tool set of the kind described above is pro- 
vided on this base plate 5. 

[01 18] A table 3' is provided on a gate-shaped frame 
100 mounted on the bed 1 , and a slider 4 fitted with a 
pressing mechanism 8 is fitted to this table 3'. 
[0119] The direction of movement of the table 3' is, a. 
direction orthogonal to that of the first table 2, i.e. the Y- 
axis direction if the movement direction of the table. 2 is 
the X-axis direction, and the table 3' and the slider 4 are 
respectively moved by numerically controlled drive 
devices 3a, 4a such as a.c. servo motors or a linear 
motors. Thus, in this second preferred embodiment, the 
pressing mechanism 8 moves in the X-axis (or Y-axis) 
and Z-axis directions and the base plate 5 and the tool 
set thereon move in the Y-axis (or X-axis) direction. 
[01 20] The rest of the construction is the same as that 
of the f irst preferred embodiment. 
[01 21 ] Fig. 5 and Fig. 6 show a third preferred embod- 
iment of the invention. This preferred embodiment is 
suitable for the manufacture of large products of the 
kind mentioned earlier of side length for example 
6000mm. In this third preferred embodiment, a gantry 
frame 101 made up of square columns and rectangular 
beams rigidly joined to these columns is provided on a 
bed 1, a table 2' movable in an X-axis direction by a 
numerically controlled drive device 2a extends between 
two parallel sides of this gantry frame 101, a sliding 
table 3' movable in a Y-axis direction by a numerically 
controlled drive device 3a is fitted to this table 2\ a slider 
4 movable in a Z-axis direction by a numerically control- 
led drive device 4a is attached to the table 3', and a 
pressing mechanism 8 is mounted on the slider 4. 
[0122] In this example, linear motors are used for the 
drive devices 2a and 3a. In Fig. 6, the reference 
numeral 20 denotes guide rails, 21 a magnet plate. 22 a 
: coil slider, and 23 a linear scale. 

[0123] In this preferred embodiment, the pressing 
mechanism 8 moves in three directions, the X-axis, the 
Y-axis and the Z-axis directions, and accordingly the 
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base plate 5 is fixed to the bed 1 or to a bolster disposed 
on the bed 1. 

10124] The rest of the construction is the same as that 
of the first preferred embodiment. 

[0125] Fig. 7 and Fig. 8 show a fourth preferred 5 
embodiment of the invention. 

[0126] In this preferred embodiment, a gantry frame 
101 made up of square columns and rectangular beams 
rigidly joined to these columns is provided on a bed 1 a 
table 2' movable in an X-axis direction by a numerically 10 
controlled drive device 2a extends between two parallel 
sides of this gantry frame 1 01 , a sliding table 3' movable 
in a Y-axis direction by a numerically controlled drive 
device 3a is fitted to this table 2\ and a pressing mech- 
anism 8 is mounted on this table 3'. 15 
[0127] A table 4' movable in a Z-axis direction by a 
numerically controlled drive device 4a' is mounted on 
the bed 1 , and a base plate 5 and a tool set thereon are 
mounted on the table 4'. 

[01 28] In this example linear motors are used for the 20 
drive devices 2a and 3a, an a.c. servo motor and a pin- 
ion driven by this are used for the drive device 4a, and a 
rack meshing with the pinion is used for the table 4\ Of 
course, a ball and screw arrangement may alternatively 
be used. 

25 

[0129] In this preferred embodiment the pressing 
mechanism 8 moves in two directions, an X-axis direc- 
tion and a Y-axis direction, and the base plate 5 and the 
tool set thereon moves in a Z-axis direction. 

[0130] The rest of the construction is the same as that so 
of the first preferred embodiment. 
[0131] Fig. 9 through Fig. 16 show tool sets suitable 
for use in the invention, and a characteristic of these is 
that they each have a balanced movement mechanism 
9 for balancing movement of the support plate 7b and 35 
thus the sheet workpiece. The tool sets of Fig. 9 through 
Fig. 16 are used selectively in the first through fourth 
preferred embodiments described above. 
[0132] Fig. 9 through Fig. 1 2 show a first preferred 
embodiment of a tool set having a balanced movement w 
mechanism 9. 

[01 33] Gearboxes 9e having built-in pinions 9b of the 
kind shown in Fig. 1 0 are fixed to the base plate 5 at the 
positions of the support pillars 7a; the support pillars 7a 
have a length such that they can extend through the 45 
gearboxes 9e into guide holes in the base plate 5, and 
are each provided on one side thereof with a rack 9a for 
meshing with the respective pinion 9b. The upper ends 
of the support pillars 7a are connected to the support 
plate 7b. and when a pressing force acts on the support so 
plate 7b in the Z-axis direction the support pillars 7a 
move up or down with their racks 9a rotating their 
respective pinions 9b. 

[0134] Shafts 90 of the pinions 9b pass through the 
gearboxes 9e. and these shafts 90 are connected by ss 
rotation-synchronizing shafts 9c disposed on the base 
plate 5. The rotation-synchronizing shafts 9c are con- 
nected in gearboxes 91 by for example bevel gears so 



as to collectively form a rectangular shape, as shown in 
Fig. 12. Thus the pinions 9b meshing with the racks 9a 
of the support pillars 7a always rotate in synchrony all 
of the support pillars 7a descend or ascend by equal 
amounts, and the support plate 7b undergoes parallel 
displacement with its horizontality maintained. 
[01 35] Although ordinary fluid pressure cylinders can 
be used for the raising/lowering actuators 7c. 7c in this 
example magnetic rodless cylinders are used; casings 
thereof are fixed to the base plate 5, and tubes 72 serv- 
ing as output parts thereof have upper ends fixed to the 
support plate 7b and lower ends extending to below the 
base plate 5, as shown in Fig. 11. When these magnetic 
rodless cylinders are used, there is the advantage that a 
large holding force can be realized with a compact con- 
struction. 

[0136] Fig. 13 and Fig. 14 show a second version of a 
tool set having a balanced movement mechanism 9 in 
this version also the construction of the balanced move- 
ment mechanism 9 is the same as that shown in Fig 9 
through Fig. 12; however, numerically controlled 
hydraulic cylinders controlled by hydraulic servo valves 
702 are used as the raising/lowering actuators 7c, 7c 
As a result of these raising/lowering actuators 7c 7c 
being used, in addition to the support plate 7b being 
able to ascend and descend in a parallel fashion it is 
possible for a force pulling down or pushing up the sup- 
port plate 7b to be controlled precisely, and the height 
position of the support plate 7b can also be controlled 
accurately. 

[01 37] Fig. 1 5 and Fig. 1 6 show a third version of a 
tool set having a balanced movement mechanism 9 In 
this version, the balanced movement mechanism 9 con- 
stitutes a drive system. That is, a rotary drive device 9d 
is mounted in the proximity of one of the rotation-syn- 
chronizing shafts 9c, and an output shaft of the rotary 
drive device 9d is connected to this rotation-synchroniz- 
ing shaft 9c by way of a speed-reducer 9f. 
[01 38] A numerically controlled actuator such as an 
a.c. servo motor would normally be used as the rotary 
drive device 9d, although alternatively a hydraulic cylin- 
der may be used to rotate the rotation-synchronizing 
shafts 9c using a rack. 

[0139] When this rotary drive device 9d is provided all 
of the pinions 9b are synchronously rotated by the oper- 
ation of the rotary drive device 9d by way of the rotation- 
synchronizing shafts 9c. and because the support pil- 
lars 7a consequently are all made to descend or ascend 
equally by way of their racks 9a, the support plate 7b 
can ascend or descend while maintaining horizontality. 
Also, by means of output pulse control or torque control 
of the rotary drive device 9d it is possible to carry out 
accurate control of a pulling-down or pushing-up force 
on the support plate 7b and precise control of the height 
position of the support plate 7b. The raising/lowering 
actuators 7c, 7c function as balance cylinders, whereby 
the weight of the support plate 7b and the sheet and the 
sheet restraining mechanism 7d thereon can be can- 
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celed out. Therefore, a large load does not act on the 
support pillars 7a. 

[01 40] The fixed pressing assembly 6 will now be dis- 
cussed. 

[01 41 ] Fig. 1 7-A and Fig. 1 7-B show an example of an 
attachment structure of the ceiling plate form 6b of the 
fixed pressing assembly 6 in the invention. In Fig. 17-A, 
a through hole 61 is provided in the ceiling plate form 6b 
in a position corresponding to a female screw hole 60 in 
the stand 6a, and a bolt 62 serving as fixing means is 
passed through this and screwed into the female screw 
hole 60 to fix the ceiling plate form 6b to the stand 6a. In 
Fig. 17-B, a boss 64 to serve as f ixing means is pro- 
vided on the underside of the ceiling plate form 6b and 
this boss 64 is fitted to the top of the stand 6a. The 
upper face of the ceiling plate form 6b does not neces- 
sarily have to be flat, and may alternatively be convex or 
concave. 

[0142] Particularly when the ceiling plate form 6b has 
a complex shape, a three-dimensional ceiling plate form 
6b may be used. Fig. 18-A and Fig. 18-B show exam- 
ples of this, wherein a main part or all of a shape to be 
formed made of synthetic resin or metal. In each case is 
attached to the stand 6a and thereby fixed to the base 
plate 5. 

[0143] Fig. 19 shows an example of a sheet restrain- 
ing mechanism 7d, wherein a restraining actuator 75 is 
fixed to the support plate 7b by a bracket 750. Although 
a rotary restraining actuator 75 may be used, normally a 
hydraulic or pneumatic cylinder is used and a piston rod 
thereof faces the restraining plate 74 and during forming 
abuts with and applies a force to the restraining plate 
74. Pipes connected to a piston side and a rod side of 
the cylinder are connected to a pressurized fluid supply 
(not shown) by a pressure control valve 701. 
[0144] However, the invention is not limited to appara- 
tuses simply having a restraining plate 74 and a plurality 
of restraining actuators 75 for applying a controlled 
restraining force to the periphery of the sheet by way of 
the restraining plate 74, and includes apparatuses hav- 
ing a material flow control mechanism 10 for, during 
forming, weakening the pressing force applied by the 
restraining actuators 75 and in this state actively caus- 
ing the sheet workpiece W to flow into a forming area or, 
reversely, actively pulling the sheet workpiece W from 
the forming area. Such a material flow control mecha- 
nism 10 is particularly useful in forming a side wall 
which is vertical or at a near-vertical angle a or forming 
a side wall having a small angle to the horizontal. 
[0145] Fig. 20 shows an example of a material flow 
control mechanism 10 for actively causing material of a 
sheet workpiece W to flow into a forming area during 
forming. A plurality of shifting actuators 10a are pro- 
vided with a predetermined spacing around the periph- 
ery of the support plate 7b on the outer side of the sheet 
restraining mechanism 7d, and sliding jigs 10b for push- 
ing the periphery w of the sheet workpiece W inward are 
attached to output parts of these shifting actuators 10a. 



The left half of Fig. 20 shows a state preceding the start 
of forming , and the right half shows an state wherein the 
periphery w of the sheet workpiece W has been pushed 
into an area where forming is being carried out by the 

5 pressing tool part 80. This prevents the sheet thickness 
of the side wall part from decreasing. In this example, 
the jigs 1 0b are made thin sliding plates and move along 
channels provided in the restraining plate 74 or chan- 
nels provided in the support plate 7b. Distal end faces of 

w the jigs 10b abut with and push upon the edge face of 
the periphery w. 

[0146] Fig. 22 shows another jig 10b'. This jig has 
upper and lower clamping jaws 105, 105 for clamping 
the periphery w of the sheet workpiece W, and again 

is can move along a channel provided in the restraining 
plate 74 or a channel provided in the support plate 7b. 
When this jig 10b' is used, the sheet workpiece W can 
be actively made to flow into the forming area or actively 
pulled away from the forming area by means of a single 

20 type of jig. 

[0147] The shifting actuator 10a may be a hydraulic 
cylinder or may be a motor. In the former case, a piston 
rod is connected to the jig 1 0b, 1 0b'. In the latter case, a 
screw shaft joined to the output shaft of the motor is 

25 screwed into a female screw hole in the jig 10b, 10b!. 
Although the hydraulic cylinder or motor may be one of 
on/off-control type, it is a preferably numerically control- 
led one, for example a hydraulic servo cylinder or an a.c. 
servo motor; when these are used, the pushing position 

30 and pushing force can be controlled to match the form- 
ing shape well. 

[0148] Next, the pressing mechanism 8 will be 
described in detail. 

[01 49] Fig. 22 -A through Fig. 22-C show different ver- 
35 sions of the pressing mechanism 8 used in the inven- 
tion. In Fig. 22-A, the pressing tool part 80 is formed 
integrally with the distal end of the shaft part 8c. Fig. 22- 
B shows a more preferable type, wherein a spherical 
concavity is formed in the end of the shaft part 8c and a 
40 pressing tool part 80 consisting of a hard spherical 
member such as a bearing ball is freely rotatably fitted 
in this concavity. Fig. 22-C shows a still more preferable 
type, wherein the shaft part 8c has a lubricating hole 
800 connecting with a spherical concavity and a lubri- 
45 cant is supplied through this to a pressing tool part 80 
consisting of a spherical member. 
[0150] When as in Fig. 22-B and Fig. 22-C the press- 
ing tool part 80 is made freely rotatable, because its 
contact with the sheet material gives rise to rolling fric- 
50 tion instead of sliding friction during forming, the pro- 
duction of excessive heat due to friction when a sheet is 
being formed at high speed can be prevented, and also 
there is the merit that it is possible to reduce the occur- 
rence of working marks on the product and prevent 
55 spring-back of the product. 

[0151] Fig. 23-A and Fig. 23-B show another version 
of the pressing mechanism 8 used in the invention, 
wherein a rotating shaft 8e is attached to the holder 8a 
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and a shaft part 8c fitted with a pressing tool part 80 
selected from the examples shown in Fig. 22-A through 
Fig. 22-C .s eccentrically attached to the rotating shaft 
8ft Any suitable rotating mechanism may be used and 
in this example a drive motor is mounted on the holder , 
8a and a pulley on the output shaft thereof is connected 
by a belt to a pulley fixed to the rotating shaft 8e. 
[0152] When this version shown in Fig 23-A is 
employed, in addition to the pressing carried out by the 
pressing tool part 80, because the shaft part 8c rotates 10 
£>m* it beats the forming area W as shown in 

2LnS HZ 6reby l0Cal plastic ^formation is 
obtained and the occurrence of spring-back after form- 
ing ms suppressed. Also, lubricity improves and the pro- 
duction of heat due to friction can be reduced 15 
[0153] The invention also includes cases wherein the 
pressing mechanism 8 has vibrating means 8d. This is 
realized by attaching to the holder 8a a low-frequency 
vibrating device such as a servo cylinder or an uttra- 
sornc vibrating device, as shown by the dashed line in so 

[0154] With this construction, because the pressing 
tool part 80 on the end of the pressing mechanism 8 

S?"! 38 " mak6S COntact witn the sheet workplace 
W. the forming efficiency improves, and it is possible to ss 
achieve improvements in shape precision and improve- 
ments in forming speed. 

[0155] Next, the forming control unit 14 will be dis- 
cussed. 

2 l Sh ° WS 3 COntr °' S/Stem of the invention * 
schematically: the output side of a controller 140 com- 
prising a computer is connected to the above-men- 
•oned I drive devices 2a, 3a, 4a, 4a' by way of amplifiers 
(not shown), and also to the drive parts and valves of at 
least the raising/lowering actuators 7c, 7c, the restrain- 35 
ing actuators 75. the shifting actuators 10a of the mate- 
rial flow control mechanism, and the rotary drive device 
9d of the balanced movement mechanism 9 

rln?ml? d T 01 d6rived from ^-dimensional 
CAD/CAM data D1 of a product to be formed is inputted 40 
to the controller 140 as a program, and data D2 on the 
material, sheet thickness, and mechanical characteris- 
tics such as elongation and tensile strength of the sheet 
is also inputted; computation is then carried out on this 
data as a whole to automatically control movement « 
speeds, positions, pressures, directions and timings 
and so on of the drive devices 2a, 3a. 4a and 4a' the 
raising/lowering actuators 7c, 7c, the restraining actua- 
tors 75, the shifting actuators 10a of the material flow 
control mechanism, and the rotary dnvedevice 9d of the so 
balanced movement mechanism 9. For example in the 
first preferred embodiment, at least a rate of descent 
and positions of the slider 4, rates of movement and 
movement directions of the first table 2 and the second 
table 3. operating directions and operating speeds and 55 
positions and strengths of the raising/lowering actuators 
7c. 7c, and operating strengths and changes thereof of 
the restraining actuators 75 are each set. and succes- 



sive commands are issued. The controller 140 has a 
swrtchmg circuit, and by this means the various above- 
mentioned means can be controlled independently as 
necessary. 

[0158] A dieless forming operation earned out by an 
dSed aCC0,din9 10 thG inVenti0 " Wi " now te 
[01 59] Figs. 25-A, 25-B through Figs. 27-A. 27-B show 
states in a forming process carried out by the apparatus 
of the first preferred embodiment ^ P 

l Z 6 nL TV* Cei ' in9 P ' ate f0rm 6b corresponding to 
the product shape is prepared. For example when a 
product A has a shape of the kind shown in 27-B having 
large-area flat bottom b with a kidney-shaped profile a 

ZZZT* hi9 !: side wa " part (trur * part > c 

from this bottom b. and a flanged at the lower end of the 
side wall part (a shape often used for bath tubs and 

3 1 ? P ' ate f ° rm 6b havin 9 a P ,ane shape 
matching the bottom profile shape of the product as 

?' 2 l' A iS Prepared ' and this ceili "9 P^e 
form 6b ,s placed on the top of the stand 6a and fixed 

there by fixing means such as a bolt 62. When the prod- 

in «1 k S f Sh °u tUbS 6 for a water drain hole or the like 
in the bottom b. a projection 65 of a predetermined 
radius and height is provided on the ceiling plate form 

[0161] Information including this product shape is 
inputted into the controller 140. control states and con- 

TJ?X°L X I Vari0US actuator means are imputed as 
described above, and a program based on the shape of 
the product is set. 

[0162] For forming, as shown in Fig. 25-A, the rais- 
^owenng actuators 7c, 7c are operated to raised 
positions; the upper face of the support plate 7b is 

aligned with that of theceiling plate form 6b;andashee1 
workpiece W, for example a stainless steel sheet S 
placed on the ceiling plate form 6b and the support plate 
7b. The upper face of the ceiling plate form 6b abuts 
wrth the underside of the sheet workpiece W. The seoa 

thI e ch eS ? inin i P,ate 74 iS Placed on ,he Periphery w of 
the sheet workpiece W, the restraining actuators 75 75 
are operated to apply a force to the restraining plate 74 
in the sheet thickness direction, and the periphery w of 
the sheet workpiece W is thereby clanped 
[01 63] With the apparatus in this state, the forming 
control unit 14 is operated. When this is done, in this 
firet preferred embodiment, the first table 2 and the sec- 
ond table 3 are moved by numerical control so that the 
axis of toe pressing tool part 80 of the pressing mecha- 
nism 8 faces the edge of the ceiling plate form 6b from 
vertically thereabove. Then, the slider 4 is driven by 
numerical control and the pressing tool part 80 is 
brought into abutment with a portion of the sheet work- 

KTfe * y 7 ^ u hS ° f me Ceilin9 plate form 6b. 
This is the state shown in Fig. 25-A 

[0164] From this state the slider 4 is driven by numer- 
ical control to lower the pressing mechanism 8 by a pre- 
determined amount, for example 0.5 to 1mm, and the 
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first table 2 and the second table 3 are moved in the X 
and Y-axis directions simultaneously to follow the profile 
shape of the bottom b of the product A, that is. the pro- 
file of the ceiling plate form 6b. In this example they are 
moved so as to describe a kidney-shape. The rais- 
ing/lowering actuators 7c, 7c are lowered under a load 
from the pressing mechanism 8, and together with the 
sheet restraining mechanism 7d the support plate 7b 
moves in the thickness direction of the sheet. 
[0165] Because the ceiling plate form 6b has an edge 
suitable for corner formation and a required thickness 
and is held at a fixed height by the stand 6a fixed to the 
base plate 5, when the pressing tool part 80 of the 
pressing mechanism 8 mounted on the slider 4 presses 
the sheet workpiece W, it plastically works the sheet 
workpiece W so as to bend it around the edge along the 
profile of the ceiling plate form 6b. As a result, a corner 
f and a bottom b matching the profile shape of the ceil- 
ing plate form 6b are formed. 

[0166] When the pressing mechanism 8 has followed 
a path of movement matching the profile shape of the 
ceiling plate form 6b at a constant height at least one 
time, the pressing mechanism 8 is lowered by a freely 
predetermined amount, and in this state the first table 2 
and the second table 3 are moved in the X and Y-axis 
directions simultaneously to follow the profile shape of a 
side wail c planned for the product A. Consequently a 
hitherto unworked part of the sheet workpiece W is 
plastically deformed and the support plate 7b moves in 
the thickness direction of the sheet together with the 
sheet restraining mechanism 7d. 
[0167] As a result, with the descent of the support 
plate 7b the ceiling plate form 6b moves relatively 
upward and passes through the window hole 70 in the 
support plate 7b to a position thereabove. Thus, by 
repeating a process of lowering the pressing mecha- 
nism 8 by a freely predetermined amount each time the 
pressing mechanism 8 finishes following a path of 
movement matching the profile shape of the ceiling 
plate form 6b at a constant height and then moving the 
first table 2 and the second table 3 to follow the profile 
shape of the side wall c planned for the product A again 
at the new height, a side wall (trunk part) c is progres- 
sively formed in the sheet workpiece W. 
[0168] When a predetermined side wall height has 
been achieved in this way, the lowering of the support 
plate 7b is stopped and at that position the support plate 
7b is moved by the first table 2 and the second table 3 
simultaneously in the X-axis and Y-axis directions to 
form a flange d by means of the support plate 7b and 
the pressing tool part 80 of the pressing mechanism 8. 
This is the state shown in Fig. 25-B. 
[01 69] By this means, a product A having a large irreg- 
ular bottom b such as that illustrated in Fig. 27-B is 
formed accurately and with high efficiency. 
[01 70] When a short tube e is to be formed on the bot- 
tom b of the product A, the pressing tool part 80 of the 
pressing mechanism 8 is brought into contact with the 



part of the outside edge of thfe projection 65 of the ceil- 
ing plate form 6b, the raising/lowering actuators 7c, 7c 
are placed without being lowered, and in this state the 
support plate 7b is moved by the first table 2 and the 

5 second table 3 on a path following the profile of the pro- 
jection 65 and then the path is gradually moved outward 
until it matches the profile shape of the ceiling plate form 
6b. By this means it is possible to form easily a bottom 
b having a short tube e. 

10 [0371] In the case of the second preferred embodi- 
ment, a locus of movement of the pressing tool part 80 
matching the profile shape of the ceiling plate form 6b is 
realized by movement of the support plate 7b in one 
direction (for example the X-axis direction) effected by 

75 operation of the first table 2 and movement of the press- 
ing mechanism 8 in another direction (for example the 
Y-axis direction) effected by operation of the table 3', 
and the side wall part of the product is formed by this 
and descent of the pressing mechanism 8 effected by 

20 the numerically controlled slider 4 and descent opera- 
tion of the raising/lowering actuators 7c, 7c as in the first 
preferred embodiment. 

[01 72] In the third preferred embodiment, the side wall 
part of the product is formed by the pressing mecha- 

25 nism 8 alone moving in the X, Y and Z-axis directions. Jn 
the fourth preferred embodiment, feeding of the press- 
ing tool part 80 is carried out by the table 4' being moved 
in the Z-axis direction, and by the pressing mechanism 
8 being moved simultaneously in the X-axis direction 

30 and the Y-axis direction in this state a locus of move- 
ment at a constant height based on the shape of the 
side wall is obtained and the side wall part of the prod- 
uct is formed. 

[0173] In the invention, instead of mere elastic cush- 
35 ions such as springs, the holding mechanism 7 has the 
raising/lowering actuators 7c, 7c. Consequently, during 
forming of the side wall part c by the kind of associated 
operations described above, by operating the rais- 
ing/lowering actuators 7c, 7c to push up or to pull down, 
40 it is possible to improve formability. 

[0174] That is, for example when the material of the 
sheet is aluminum or an alloy thereof, in addition to the 
force applied by the pressing tool part 80 of the pressing 
mechanism 8, the weight of the support plate 7b and the 
45 restraining plate 74 and restraining actuators 75 therea- 
bove acts on the side wall c during forming. Conse- 
quently, the side wall part is liable to crack or deform 
during forming. 

[0175] In this kind of case, by means of a signal from 
so the controller 140, the raising/lowering actuators 7c, 7c 
are deliberately operated in the upward direction, and 
when this is done, because the upward force applied to 
the support plate 7b (a force in the opposite direction to 
the forming direction) and the above-mentioned weight 
55 are approximately balanced, local loads cease to act on 
the material, and its formability improves. Thus it is pos- 
sible to form a highly accurate product. 
[0176] When a relatively thick sheet is being formed, 
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on the other hand, the effective weight of the support 
.... plate 7b and the restraining plate 74 and restraining 
actuators 75 thereabove tends to be considerably 
diminished by forming resistance. Consequently, local 
deformation of the material is liable to occur; howwer in 
this case, if the raising/lowering actuators 7c 7c are 
deliberately operated downward (in the forming direc- 
tion) and the support pillars 7a are thereby forcibly low- 
ered because the material is pulled in the forming 
direction its formability improves, and again it is possible 
to form a highly accurate product. 
[0177] From the above it will be understood that by 
using the restraining actuators 75 and the raising/lower- 
ing actuators 7c, 7c together it is possible to carry out 
forming with much higher precision. 
[0178] In the invention, the tool set may have a bal- 
anced movement mechanism 9. In this case during 2- 
axis direction movement of the support plate 7b due to 
the cooperation of the racks 9a, the pinions 9b and the 
rotation-synchronizing shafts 9c, the support pillars 7a 
all always move up and down by equal amounts At this 
time, because the raising/lowering actuators 7c 7c 
function as balance cylinders canceling out the weight 
of the support plate 7b, the sheet workpiece W and the 
sheet restraining mechanism 7d, an excessive load 
does not act on the support pillars 7a supporting the 
support plate 7b. Consequently, even when a large-area 
sheet is being used in order to form a product of large 
dimensions and therefore the support plate 7b is large 
and heavy, the sheet can be moved smoothly with its 
honzontality maintained correctly every time the press- 
ing tool part 80 completes its movement at a constant 
height, and thus the forming accuracy can be greatly 
improved. 

[0179] Also, because the raising/lowering actuators 
7c, 7c can forcibly pull the support plate 7b and hence 
the sheet workpiece W in the forming direction (down- 
ward) or push it up in the opposite direction (sideward) 
forming limits improve and it is possible to widen the 
range of products of which forming is possible. In partic- 
ular, when hydraulic cylinders are used as the rais- 
ing/lowering actuators 7c, 7c and pressurized hydraulic 
fluid supply control is carried out by means of hydraulic 
servo valves, by following program control or independ- 
ently of program control it is possible to freely adjust the 
pressure with which the support plate 7b is pulled down 
or pushed up (pressure control) and carry out exact 
control, including position holding, of the height position 
of the support plate 7b (position control). Thus the max- 
imum height of side wall that can be formed increases 
and it is possible to form an accurate product whether 
the sheet is thick or thin. 

[0180] Also, when the rotation-synchronizing shafts 9c 
linking together the shafts 90 of the pinions 9b of the 
balanced movement mechanism 9 are rotated with a 
rotary drive device 9d. because the raising/lowering 
actuators 7c. 7c function as balance cylinders canceling 
out the weight of the support plate 7b. the sheet work- 
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Piece W and the sheet restraining mechanism 7d the 
. support plate 7b can be made to undergo parallel dis- 
placement without an excessive load being applied to 
any of the support pillars 7a. Furthermore, if a numeri- 
cally controlled motor is used as the rotary drive device 
9d. the height position of the support plate 7b can be 
freely adjusted with good precision. And because the 
force can also be controlled, by the drive mechanism 
being operated to deliberately lower the support pillars 
ja or pull the support plate 7b downward with a freely 
determined force, it is possible to utilize the profile of the 
ceiling plate form 6b of the fixed pressing assembly 6 to 
constrict the sheet. Thus the maximum height of side 
wall that can be formed increases and it is possible to 
form an accurate product whether the sheet is thick or 
thin. 

2?5i 5 ,h f invention - because *» ceiling plate form 
6b of the fixed pressing assembly 6 is interchangeable 
various shapes can be formed. Fig. 28-A and Fig 28-B 
show an example of a case wherein a product having 
more than one bottom is obtained. In this case as the 
ceiling plate form, as shown in Fig. 28-A, a plurality of 
ceiling plate forms 6b1 . 6b2 are attached side-by-side to 
the tops of stands 6a, 6a of different heights. By carry- 
ing out the kind of operation described above using a 
fixed pressing assembly 6 like this it is possible simply, 
quickly and accurately to form a product A having a plu- 
rabtyol f bottoms b1. b2 of different heights as shown in 

[0182] That is, by the pressing tool part 80 of the 
pressing mechanism 8 being moved on a path following 
the edge of the higher ceiling plate form 6b1 a corner 
part around a higher bottom bl is formed, and then the 
pressing mechanism 8 and the sheet holding mecha- 
nism 7 are moved in the sheet thickness direction by 
ttie pressing tool part 80 of the pressing mechanism 8 
being made to follow a path of movement corresponding 

from the higher bottom bl is formed. The pressing tool 
part 80 of the pressing mechanism 8 is then made to 
move along a path following the edge of the lower ceil- 
ing plate form 6b2 to form a corner part around a lower 
Dottom b2. 

[0183] Fig. 29-A and Fig. 29-B show another example 
of a case in which a product having more than one bot- 
tom is obtained. In this case, ceiling plate forms 6b1 
6b2 are attached to the top of the outer of three stands 
6a, 6a, 6a and a ceiling plate form 6b3 having a different 
height from the ceiling plate forms 6b1. 6b2 is attached 
to the top of the middle stand 6a. 
[0184] By carrying out the kind of operation described 
above using a fixed pressing assembly 6 like this it is 
posable simply, quickly and accurately to form a product 
A having left and right high bottom parts b1 b2 and 
between these a bottom part b5 of a different height as 
shown in Fig. 29-B. 

[0185] Fig. 30-A shows a fixed pressing assembly 6 
suitable for forming a product A having a step part g in a 
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side wall part of a kind seen in bath tubs and sinks and 
the like as shown in Fig. 30-B. A ceiling plate form for 
bottom formation 6b1 having a concave cutaway 67 is 
attached to stands 6a, 6a and a ceiling plate form 6b4 
for step formation projecting further out than the con- 5 
cave cutaway 67 is attached to the ceiling plate form 
6b1 in a position a required amount lower than the ceil- 
ing plate form 6b1. 

[0186] When this fixed pressing assembly 6 is used, a 
bottom b with a constricted portion of the kind shown in 10 
Fig. 30-B is formed by movement of the pressing tool 
part 80 of the pressing mechanism 8 along the profile of 
the ceiling plate form for bottom formation 6b3. And the 
pressing mechanism 8 and the sheet holding mecha- 
nism 7 are moved in the sheet thickness direction every 15 
time one movement around the profile at a constant 
height is completed. As a result, a side wall part c hav- 
ing a side wall constriction part c' is formed, and then 
when it has reached the ceiling plate form 6b4 for step 
part formation the pressing tool part 80 of the pressing 20 
mechanism 8 is moved over the face of this ceiling plate 
form 6b4 to form a step part g. 

[0187] In the examples given above, the ceiling plate 
forms 6b1, 6b2 do not necessarily have to be attached 
to separate stands, and alternatively for example a ceil- 25 
ing plate form with another ceiling plate form of a small 
area pre-fixed thereto may be attached to a single 
stand. 

[0188] The plurality of ceiling plate forms may have 
any profile shapes, and the profile shapes of upper and 30 
lower ceiling plate forms 6b1 , 6b2 may be made differ- 
ent, whereby it is possible to form a product having dif- 
ferent higher and lower bottom profiles. Fig. 31 -A 
through Fig. 31 -C show an example of this. Here, a ceil- 
ing plate form for lower bottom formation 6b2 is 35 
attached to a stand 6a as shown in Fig. 31 -A and a ceil- 
ing plate form for higher bottom formation 6b1 of a 
desired shape is mounted on this ceiling plate form 6b2 
by way of intermediate stands 6a'. When this fixed 
pressing assembly 6 is used, it is possible to form sim- 40 
ply and efficiently a product A of a complex shape com- 
bining differently shaped bottoms b3, b4 of the kind 
shown in Fig. 31 -B and Fig. 31 -C. 
[0189] Preferably each of the above-mentioned ceiling 
plate forms is removably attached to its stand by means 45 
of one of the attachment structures described above 
and shown in Fig. 17-A and Fig. 17-B. 
[0190] In the invention, as the sheet restraining mech- 
anism 7d, there are provided a restraining plate 74 on 
the upper face of the periphery of the sheet workpiece so 
W and a plurality of restraining actuators 75 for applying 
a controlled restraining force to this restraining plate 74. 
[0191] Therefore, a high side wall part can be made 
by forming a corner f around the bottom b by movement 
of the pressing tool part 80 along the profile of the ceil- 55 
ing plate form 6b and then easing the pressing force of 
the restraining actuators 75 when forming the side wall 
c. When this is done, because the clamping force on the 



periphery w of the sheet workpiece W is weakened, the 
material flows as shown by an arrow in Fig. 19 into an 
area W' where forming is carried out by the pressing 
tool part 80, and because by this means a constriction 
is added to the forming state it is possible to form a 
product having a high vertical wall easily and with good 
accuracy. 

[0192] Also, when a material flow control mechanism 
10 of the kind shown in Fig. 20 and Fig. 21 is also used, 
it is possible to eliminate problems of material elonga- 
tion limit and forming shape (when the shape has a high 
side wall part which is vertical or at a near-vertical angle 
a). 

[01 93] That is, in forming the side wall part, the press- 
ing force of the restraining actuators 75 positioned on a 
part where flow of the material is required is eased, or 
further a minute gap of for example 0.1 mm is actively 
formed in the sheet thickness direction between them 
and the sheet periphery, and in this state the shifting 
actuators 10a are operated and the jigs 10b are 
advanced while progressive forming of the kind 
described above is carried out. When this is done, as 
shown in the right half of Fig. 21, the periphery of the 
sheet workpiece W is forcibly pushed inward and the 
amount of material supplied to the forming area W 
increases. As a result, excessive elongation of the 
material and consequent reduction in the sheet thick- 
ness are suppressed, there is no occurrence of cracking 
and the like, the sheet thickness does not become thin 
in places, and a high side wall part can be formed at a 
steep angle. 

[0194] Fig. 32-A through Fig. 32-D show a forming 
example in which a material flow control mechanism 10 
is used. This example is a case of making a boat shape 
wherein the angle a to the vertical of side wail parts c1 , 
d of two opposing sides is for example 10°. and as 
shown in Fig. 32-C parallel notches wc, wc are pre- 
worked in two corresponding sides of a sheet workpiece 
W. This is f itted to a support plate 7b having a window 
hole 70, a restraining plate 74 is placed on the sheet 
periphery w, and progressive forming is carried out as 
described above. At this time, a normal forming press- 
ing force is applied by the respective restraining actua- 
tors 75, 75 to the two sides at 90° to the side wall parts 
d , c1 of the product, while the pressing force applied by 
the restraining actuators 75 corresponding to the side 
wall parts d , c1 is weakened and together with this the 
shifting actuators 10a of the material flow control mech- 
anism 10 disposed there are operated at predetermined 
forces and speeds (amounts). As a result, in the forming 
area of the side wall parts d, d, because material is 
actively fed in as shown by broken lines in Fig. 32-C, a 
side wall part of the desired angle is formed with good 
precision. This material flow control mechanism 10 is 
normally effective when used for angles a nearer to ver- 
tical than 23°. 

[01 95] It is also possible to use the material flow con- 
trol mechanism 10 to actively pull material outward from 
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the forming area during progressive forming. This is 
beneficial when using a material having a large elonga- 
tion to make a product whose angles to the horizontal 
are relatively small, for example flat-bottomed boat 
shapes and vehicle fuel tanks. That is, as the movement 5 
of the pressing tool part 80 at a constant height is pro- 
gressively repeated the material elongates, and this 
combines with the pressing force of the pressing tool 
part 80 to make the material swell out in the sheet thick- 
ness direction so that a creasing phenomenon occurs 10 
and forming is liable to become impossible. One con- 
ceivable way of preventing this is to use a three-dimen- 
sional die as the ceiling plate form 6b, but by this 
measure alone it is still not possible to prevent the phe- 
nomenon. However, if a material flow control mecha- 15 
nism 10 is used, it is possible to suppress the 
phenomenon with certainty and make an accurate prod- 
uct. This material flow control mechanism 10 is normally 
effective when used for angles p nearer to the horizontal 
than 14°. 

20 

[0196] Figs. 33-A through 33-C and Figs. 33-A and 
33-B show an example wherein both pushing of mate- 
rial into a forming area and pulling of material from a 
forming area are carried out by a material flow control 
mechanism 10. The shape to be formed, as shown in ss 
Fig. 33-A. has the characteristic that a rear side wall 
part d makes a small angle p to the vertical and a side 
wall part c2 opposite this makes a small angle to the 
horizontal. In this case, as shown in Fig. 33-B a sheet 
workpiece W worked into a shape such that a portion at so 
the side wall part d and two sides at 90° to the side wall 
part c2 project outward is used. 
10197] The sheet workpiece W is fitted to a support 
plate 7b as shown in Fig. 33-C and the pressing tool 
part 80 is moved in a clockwise direction from the start as 
position P of Fig. 33-B to carry out progressive forming 
and at this time a normal forming pressing force is 
applied by the respective restraining actuators 75. 75 to 
the two sides at the portion at side wall part cl shifting 
actuators 1 0a are operated at predetermined forces and to 
speeds (amount) to pushing of material into a forming 
area while at the portion at the side wall part c2 shifting 
actuators 1 0a are operated at predetermined forces and 
speeds (amounts) to pull material outward. Fig 34-A 
and Fig. 34-B show this state, and from these figures it 45 
can be seen that it is possible to form with good preci- 
sion both a side wall part d having a near-vertical angle 
and a side wall part c2 having a near-horizontal angle. 
[0198] The invention has various means for forming 
[0199] Figs. 35-A through 35-E show a sheet holding so 
mechanism suitable for a case wherein a product A has 
a flange d with a bent-back free edge d1 as shown in 
Fig. 35-A and 35-B. 

[0200] In this case, as the sheet holding mechanism 
in addition to the support plate 7b a framelike auxiliary ss 
support plate 7e of the kind shown in Fig. 35-C is used 
In this auxiliary support plate 7e is formed a window 
hole 76 for allowing a ceiling plate form 6b to pass 



through, an annular step face 77 around this window 
hole 76, and through holes 78 on the outer side of this 
for bolts to the support plate 7b. 
[0201] The auxiliary support plate 7e is placed on the 
support plate 7b and fixed integrally thereto with bolts 
The sheet workpiece W is then disposed on the auxil- 
iary support plate 7e and clamped with the restraining 
plate 74 of the sheet restraining mechanism 7d. 
[0202] Progressive forming is then earned out as 
described above, but in this case, in the final stage of 
forming, the pressing tool part 80 of the pressing mech- 
anism 8 is brought into contact with the annular step 
face 77 of the auxiliary support plate 7e and then the 
pressing tool part 80 is moved on a locus following the 
annular step face 77. By this means, the sheet work- 
piece W is formed as shown in Fig. 35-E into a shape 
made up of a horizontal portion d following the step face 
shape of the annular step face 77. a portion d1 rising 
from this, and a portion d2 extending horizontally from 
the end of the rising portion d1 . 
[0203] Thus, when the portion d2 extending horizon- 
tally from the end of the rising portion dl is cut off after 
forming, the product shape shown in Fig. 35-A is 
obtained. 

[0204] Fig. 36-A and Fig. 36-B show another example 
of an auxiliary support plate 7e. A window hole 76 for 
allowing a ceiling plate form 6b to pass through is 
formed in this auxiliary support plate 7e and a groove- 
like annular step face 77 is formed in the plate face 
around the window hole 76. Otherwise this auxiliary 
support plate 7e is the same as that shown in Fig 35-c 
Here, if an eccentric type of pressing tool part such as 
ttiat shown in Fig. 23-A is used as the pressing tool part 
80 of the pressing mechanism 8, a synergistic effect of 
a side-beating action improves the shape precision. 
[0205] From the cost point of view it is basically pref- 
erable for a plate member to be used as the ceiling plate 
form 6b. When it has a complex shape, a three-dimen- 
sional ceiling plate form can be used, or to avoid this an 
elastic bag 12 of the kind shown in Figs. 37-A and 37-B 
can be used. The elastic bag 12 is a bag made of rubber 
or synthetic resin and is disposed between the base 
plate 5 and the ceiling plate form 6b where required in 
the circumferential direction. During forming, the elastic 
bag 12 is expanded by being filled with a fluid (air or 
hydraulic fluid or the like) by way of a control valve and 
with this state maintained the progressive forming 
described above is carried out. When this is done an 
essentially three-dimensional die is formed knd 
because the elastic bag 12 performs a back-up function 
the formmg of shapes with small angles to the horizontal 
becomes easy. It also reduces spring-back of formed 
parts and prevents localized deformations. 
[0206] When the sheet is thin or when the area of the 
bottom of the product is large, a sheet fixing plate 13 
having dimensions slightly smaller than those of the bot- 
tom shape of the product is used, as shown in Figs. 37- 
A and 37-B. This sheet fixing plate 13 is disposed on top 
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of the sheet workpiece W and fixed to the ceiling plate CI 
form 6b, and then the progressive forming described 
above is carried out. When this is done, because unnec- 1. 
essary forces caused by forming do not act on the part 
to become the bottom, bending and twisting of the bot- 5 
torn are effectively suppressed and the shape accuracy 
improves. 

[0207] The invention includes versions wherein a 
lubricating mechanism is built in to the pressing mecha- 
nism 8 or a lubricating mechanism 1 1 is used together 10 
with the pressing mechanism 8. This may simply be 
made an oil bath consisting of a lubricant such as lubri- 
cating oil received inside the restraining plate 74 of the 
sheet restraining mechanism 7d after the sheet work- 
piece W is laid. However, preferably, a spray nozzle 11a 15 
having a nozzle hole pointed at or near the pressing tool 
part 80 is attached directly to the pressing mechanism 8 
or to the holder 8a by a link fitting 11b, and this spray 
nozzle 11a is connected to an external lubricant tank 
11 e by a hose 1 1 c and a pump 1 1 d. Recovering means 20 
1 1f connecting with the lubricating tank 11e is directly 
attached to the pressing mechanism 8 on the opposite 
side thereof from the spray nozzle 1 1 a or is attached to 
the holder 8a by way of the link f itting 1 1 b. 
[0208] By this means, a circulatory lubricating and 25 
cooling system for constantly supplying a lubricant j to 
where forming is being carried out by the pressing 
mechanism 8 and recovering the lubricant is provided. 
As a result, adhesion, which readily occurs with stain- 
less steel materials during high-speed forming in 30 
excess of for example 10m/min, is prevented, and with 
aluminum materials the occurrence of splitting is pre- 
vented, and high-speed forming of over 30m/min 
becomes possible. 

[0209] The invention of course includes the use of this 35 
lubricating mechanism 1 1 together with the vibrating 
means 8d described above, and by using these selec- 
tively together with the material flow control mechanism 
10 and the balanced movement mechanism 9 and so on 
described above it is possible to form a desired product 40 
efficiently whatever the material, sheet thickness, form- 
ing shape and forming force. 

INDUSTRIAL APPLICABILITY 

45 

[0210] The dieless sheet-forming apparatus of the 
present invention is suitable for the small-volume pro- 
duction of special-shape products from metal or non- 
metal sheet, and has the merits that equipment cost is 
low, changes to forming shape are easy, efficiency is so 
good, and there is little noise. Therefore, the apparatus 
can be used in the making of bottomed products in any 
field, including vehicle parts, aviation parts, building 
materials, marine parts, kitchen products and bathroom 
products. 55 



A dieless sheet-forming apparatus for progressively 
forming a sheet into a three-dimensional shape, 
comprising: 

i. a tool set having a base plate (5), a fixed 
pressing assembly (6), a sheet holding mecha- 
nism (7) and a sheet restraining mechanism 
(7d). 

the fixed pressing assembly (6) being pro- 
vided on the base plate (5) and having a 
stand (6a) erected on the base plate (5) 
and a ceiling plate form (6b), attached to 
the top of the stand (6a), having a plane 
shape matching the bottom profile of a 
product to be formed, 
the holding mechanism (7) having a plural- 
ity of support pillars (7a) disposed on the 
base plate (5). a support plate (7b) having 
a window hole (70) surrounding the ceiling 
plate form (6b) and movable in a Z-axis 
direction on the support pillars (7a), and at 
least one pair of raising/lowering actuators 
(7c) fixed to the base plate (5) and having 
output ends connected to the support plate 
(7b), 

the sheet restraining mechanism (7d) hav- 
ing a framelike restraining plate (74) for 
clamping the periphery of a sheet in the 
thickness direction of the sheet between 
itself and the support plate (7b) and a 
restraining actuator (75) for applying a 
controlled restraining force to the sheet 
periphery by way of this restraining plate 
(74); 

ii. a pressing mechanism (8), disposed above 
the holding mechanism (7), having at a distal 
end thereof a pressing tool part (80) for making 
contact with the upper face of the sheet and 
forming a product shape in cooperation with 
the ceiling plate form (6b); and 

iii. a plurality of numerically controlled drive 
devices for moving the tool set and the press- 
ing mechanism (8) with respect to each other in 
X-axis, Y-axis and Z-axis directions, which 
drive devices move the pressing tool part (80) 
around the ceiling plate form (6b) on a path of 
movement matching the product shape and 
move the pressing mechanism (8) and the sup- 
port plate (7b) in the thickness direction of the 
sheet with respect to the ceiling plate form (6b). 

2. A dieless sheet-forming apparatus for progressively 
forming a sheet into a three-dimensional shape, 
comprising: 
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i. a tool set having a base plate (5), a fixed 
pressing assembly (6), a sheet holding mecha- 
nism (7), a sheet restraining mechanism (7d) 
and a balanced movement mechanism (9), 

5 

the fixed pressing assembly (6) being pro- 
vided on the base plate (5) and having a 
stand (6a) erected on the base plate (5) 
and a ceiling plate form (6b), attached to 
the top of the stand (6a) ( having a plane w 
shape matching the bottom profile of a 
product to be formed, 
the holding mechanism (7) having a plural- 
ity of support pillars (7a) disposed on the 
base plate (5), a support plate (7b) having 15 
a window hole (70) surrounding the ceiling 
plate form (6b) and movable in a Z-axis 
direction on the support pillars (7a), and at 
least one pair of raising/lowering actuators 
(7c) fixed to the base plate (5) and having 20 
output ends connected to the support plate 
(7b), 

the sheet restraining mechanism (7d) hav- 
ing a framelike restraining plate (74) for 
clamping the periphery of a sheet in the 25 
thickness direction of the sheet between 
itself and the support plate (7b) and a 
restraining actuator (75) for applying a 
controlled restraining force to the sheet 
periphery by way of this restraining plate so 
(74), 

the balanced movement mechanism (9) 
having on the support pillars (7a) and the 
base plate (5) means for making the sup- 
port plate (7b) maintain horizontality as it 35 
moves; 



ii. a pressing mechanism (8), disposed above 
the holding mechanism (7), having at a distal 
end thereof a pressing tool part (80) for making 40 
contact with the upper face of the sheet and 
forming a product shape in cooperation with 

the ceiling plate form (6b); and 

iii. a plurality of numerically controlled drive 
devices for moving the tool set and the press- 45 
ing mechanism (8) with respect to each other in 
X-axis, Y-axis and Z-axis directions, which 
drive devices move the pressing tool part (80) 
around the ceiling plate form (6b) on a path of 
movement matching the product shape and so 
move the pressing mechanism (8) and the sup- 
port plate (7b) in the thickness direction of the 
sheet with respect to the ceiling plate form (6b). 

A dieless sheet-forming apparatus according to 55 
claim 2, wherein the balanced movement mecha- 
nism (9) comprises racks (9a) provided on the sup- 
port pillars (7a), pinions (9b) provided on the base 



plate (5) in the proximities of the support pillars (7a) 
and meshing with the racks (9a) of the respective 
support pillars (7a), and rotation-synchronizing 
shafts (9c) connecting shafts of the pinions (9b) 
together. ' 

4. A dieless sheet-forming apparatus according to 
claim 2, wherein the balanced movement mecha- 
nism (9) comprises racks (9a) provided on the sup- 
port pillars (7a), pinions (9b) provided on the base 
plate (5) in the proximities of the support pillars (7a) 
and meshing with the racks (9a) of the respective 
support pillars (7a), rotation-synchronizing shafts 
(9c) connecting shafts of the pinions (9b) together 
and a rotary drive device 9d attached to the rota- 
tion-synchronizing shafts (9c). 

5. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the raising/lowering 
actuators (7c) are cylinder type actuators operated 
by fluid pressure and having rods connected to the 
support plate (7b). 

6. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the raising/lowering 
actuators (7c) are rodless cylinders having tubes 
each with an end connected to the support plate 
(7b). 

7. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the holding mechanism 
(7) further comprises a material flow control mech- 
anism (10) having a plurality of shifting actuators 
(10a) disposed at the periphery of the support plate 
(7b) and jigs (10b), (10b*) for forcibly pushing the 
sheet toward a forming area during forming under 
the action of the shifting actuators (10a). 

8. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the holding mechanism 
(7) further comprises a material flow control mech- 
anism (10) having a plurality of shifting actuators 
(10a) disposed at the periphery of the support plate 
(7b) and jigs (1 0b') for forcibly pulling the sheet out- 
ward during forming under the action of the shifting 
actuators (10a). 



9. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the stand (6a) has in its 
top a female screw hole and the ceiling plate form 
(6b) is interchangeably fixed to the stand (6a) by a 
bolt being screwed into the female screw hole. 

10. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the ceiling plate form 
(6b) comprises a plurality of ceiling plate forms 
positioned with spacing in the vertical direction or in 
the horizontal direction. 



.0970764A1 L> 



20 



39 



EP0 970 764 A1 



.40 



11. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the ceiling plate form 
(6b) has a three-dimensional shape including a top 
face for bottom formation. 

12. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein in addition to the sup- 
port plate (7b) the holding mechanism (7) com- 
prises an auxiliary support plate (7e) having a 
window hole (76) surrounding the ceiling plate form 
(6b) and around this window hole (76) an annular 
step face (77), the auxiliary support plate (7e) being 
laid on the support plate (7b). 

13. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein in addition to the sup- 
port plate (7b) the holding mechanism (7) com- 
prises an auxiliary support plate (7e) having a 
window hole (76) surrounding the ceiling plate form 
(6b) and around this window hole (76) an annular 
step face (77) forming a groove, the auxiliary sup- 
port plate (7e) being laid on the support plate (7b). 

14. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the pressing mechanism 
(8) is bar-shaped and the pressing tool part (80) is 
a freely rotatable spherical member. 

15. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the pressing mechanism 
(8) is bar-shaped and the pressing tool part (80) is 
a freely rotatable spherical member and the press- 
ing mechanism (8) has a lubricating hole (800) for 
supplying lubricant to the spherical member. 

16. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the pressing mechanism 
(8) is rotatable about its own axis and has a press- 
ing tool part (80) which is eccentric from the shaft 
center of the pressing mechanism (8). 

17. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the pressing mechanism 
(8) has a nozzle (11a) having a nozzle hole pointing 
toward the pressing tool part (80) or the vicinity 
thereof and means for supplying lubricant to the 
nozzle (11a). 

18. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein the pressing mechanism 
(8) has a vibrating mechanism (8d). 

19. A dieless sheet-forming apparatus according to 
claim 1 or claim 2. wherein an elastic bag (12) sup- 
porting a predetermined portion of the underside of 
the sheet is interposed between the base plate (5) 
and the ceiling plate form (6b). 



20. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, having over the whole of or a pre- 
determined portion of the ceiling plate form (6b) an 
auxiliary fixing plate (13) for clamping between itself 

5 and the ceiling plate form (6b) a portion of the sheet 
to become the bottom of a product. 

21. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, having on a bed (1 ) tables (3), (2) 

w of two stages supporting the tool set, the tables (3), 
(2) being moved in X-axis and Y-axis directions by 
drive devices (3a), (3a), wherein the pressing 
mechanism (8) is mounted on a slider (4) disposed 
on a gate-shaped frame (100) above the bed (1) 
15 and is moved in a Z-axis direction by a drive device 
(4a). 

22. A dieless sheet-forming apparatus according to 
claim 1 or claim 2 having on a bed (1) a table (2) of 

20 a single stage, this table (2) being moved in one 
direction, either an X-axis direction or a Y-axis 
direction, by a drive device (2a), wherein the press- 
ing mechanism (8) is mounted on a slider (4) 
mounted on a table (3*) disposed on a gate-shaped 
25 frame (100) above the bed (1) and moved in two 
directions, a Z-axis direction and either a Y-axis 
direction or an X-axis direction, by drive devices 
(3a). (4a). 

30 23. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein a gantry frame (101) is 
provided above a bed (1), a table (2') movable in an 
X-axis direction by a drive device (2a) is provided 
on the gantry frame (101), a table (3') movable in a 
35 Y-axis direction by a drive device (3a) is disposed 
on the table (2 1 ), a slider (4) movable in a Z-axis 
direction by a drive device (4a) is mounted on the 
table (3 1 ), the pressing mechanism (8) is mounted 
on the slider (4), and the tool set is mounted on the 
40 bed (1). 

24. A dieless sheet-forming apparatus according to 
claim 1 or claim 2, wherein a gantry frame (101) is 
: provided above a bed (1), a table (2*) movable in an 
45 X-axis direction by a drive device (2a) is provided 
on the gantry frame (101), a table (3') movable in a 
Y-axis direction by a drive device (3a) is disposed 
on the table (2*), the pressing mechanism (8) is 
mounted on the table (3'), a table (4*) movable in a 
so Z-axis direction by a drive device (4a) is provided 
on the bed (1). and the tool set is mounted on the 
table (4'). 



25. A dieless sheet-forming apparatus according to 
55 claim 1 or claim 2, wherein the drive devices (2a), 
(3a) and (4a) are linear motors. 
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